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Fate and Transport of Halogenated Aliphatic Compounds Associated with Septic System 
Effluent in an Unconfined Alluvial Ground Water System (246 pp.) 
Director: William W. Woessner^^%7 & 
The vadose zone and unconfined alluvial aquifer associated with three septic systems 
were instrumented to determine the nature and extent of ground water contamination. 
The septic effluent, vadose zone water, and ground water were sampled to establish 
concentrations of halogenated organic compounds and inorganic constituents. Water 
samples were analyzed for pH, Eh, conductivity, dissolved oxygen, temperature, 
alkalinity, ammonia, along with major cation and anion analyses, trace metals, and the 
organic compounds including: chloroform, 1,1,1-trichloroethane, carbon tetrachloride, 
bromodichloromethane, trichloroethylene (TCE), dibromochloromethane, 1,2-
dibromoethane, tetrachloroethylene (PERC), bromoform, and l,2-dibromo-3-
chloropropane. The organic samples were analyzed by gas chromatography with an 
electron-capture detector. The hydrogeologic settings are similar for all three field sites, 
with only slight variations. The aquifers are shallow, unconfined, heterogenous, fluvial 
sand and gravel, with slight amounts of silt and clay, depending on site location. 
Hydraulic conductivity estimates range between 355 and 3,750 ft/day, and corresponding 
average linear velocities range from 7 to 60 ft/day. Hydraulic gradients range from 0.003 
to 0.009 and the water table is less than 15 ft below ground surface at all three sites. Less 
than 5% of the total 121 samples from septic tanks, lysimeters, and monitoring wells had 
detectable concentrations of carbon tetrachloride, trichloroethylene, perchloroethylene, 
1,1,1-trichloroethane, bromoform, 1,2-dibromoethane, bromodichloromethane, or 
dibromochloromethane. Analyte concentrations rarely exceeded 1.0 pg/1. Samples from 
ground water at the Frenchtown site were below detection limits except two samples that 
contained detectable chloroform. Within the Missoula Valley, only 
bromodichloromethane/trichloroethylene was found above background ground water, 
0.029 jag/I compared to 0.011 |a.g/l, respectively, in the plume area. 
Results of the bromide and 1,1,1-trichloroethane septic tank tracer test indicate that little 
correlation exists between halogenated organic concentrations in ground water and 
concentrations of inorganic indicators. Only one septic tank sample exhibited detectable 
1,1,1 -trichloroethane concentrations during the tracer test. Results of this research imply 
that household products are not a significant source of halogenated aliphatic compounds 
to ground water. 
ii 
Table of Contents 
Page 
Abstract ii 
Table of Contents iii 
List of Figures vi 
List of Tables ix 
Chapters 
1. Introduction 1 
1.1 Goals and Objectives 4 
2. Septic System Operation and Effects to Ground water 5 
2.1 Composition of Effluent 5 
2.2 Septic Tank Treatment 7 
2.3 Drain Field and Soil Zone 10 
2.4 Ground Water 12 
3. Environmental Fate 17 
3.1 Transport of Organics 17 
3.2 Environmental Fate 18 
4. General Methods 22 
4.1 Area Selection Criteria 23 
4.2 Field Methods 25 
4.3 Water Sampling 26 
4-4 Laboratory Methods 27 
4.5 Household Product Survey 27 
4.6 Tracer Tests Review - Frenchtown Site 31 
5. Results and Discussion 35 
51 West of Missoula 35 
5.1.1 North Study Site 40 
5.1.1.1 Site Setting 40 
5.1.1.2 Hydrogeology 43 
5.1.1.3 Septic System 43 
5.1.1.4 Instrumentation 43 
5.1.1.5 Water Quality Results 45 
iii 
5.1.2 South Study Site 50 
5.1.2.1 Site Setting 50 
5.1.2.2 Hydrogeology 52 
5.1.2.3 Septic System 52 
5.1.2.4 Instrumentation 54 
5.1.2.5 Water Quality Results 54 
5.2 Frenchtown Area 60 
5.2.1 Frenchtown Study Site 60 
5.2.1.1 Site Setting 60 
5.2.1.2 Hydrogeology 62 
5.2.1.3 Septic System 66 
5.2.1.4 Instrumentation 69 
5.2.1.5 Water Quality Results 69 
5.3 Organic Analyses Results 78 
5.3.1 General Organic Results 82 
5.3.2 Sample Types 82 
5.3.3 Septic Tank Results 94 
5.4 Tracer Test Results 95 
5.41 Ground Water Tracer Test 95 
5.4.2 Septic Tank Tracer Test 104 
5.4.3 Inorganic Results 104 
5.4.4 Organic Results 106 
5.5 Discussion 110 
6. Conclusions 113 
7. Recommendations 116 
References Cited 118 
Appendices 
A: Organic Analyses Quality Assurance and Quality Control (QA/QC) .. 121 
A-l: Discussion of organic sampling QA/QC 121 
A-2: Recovery analysis 127 
A-3: Initial calibrations for both the external and internal standards 130 
A-4: Peak areas for daily calibration runs as external standard 134 
A-5: Calculated response factors for all daily calibration runs 
iv 
using internal standard 136 
A-6: Calculated response factors for all daily calibration runs 
using external standard 139 
A-7: Percent Relative Standard Deviation (RSD) of daily internal 
standard calibration response factors to initial internal 
standard calibration response factors 142 
A-8: Internal standard assessment 145 
A-9: Peak areas of all sample runs 152 
A-10: Actual organic analyte concentrations of all samples including 
field and lab blanks, and duplicates 160 
A-l 1: Actual organic analyte concentrations of only the detectable 
analytes 166 
A-12: Organic analyte concentrations from laboratory blanks 168 
A-l3: Mean detection limits for organic analyses 169 
B: Well coding system 170 
C: Monitoring well and lysimeter construction 171 
D: Water sampling methods 172 
E: Laboratory methods for EPA Method 551 173 
F: Survey of household products and their organic ingredients 174 
G: Manufacturer's Safety Data Sheet (MSDS) for the organic 
tracer "Formby's Furniture Cleaner" 186 
H: Organic analyte concentrations, organized by sample type 187 
I: Organic analyte concentrations from tank tracer test 195 
J: Inorganic data from Bromide tracer tests 199 
K: Water table elevations for Frenchtown Site 243 
v 
List of Figures 
Figure 2-1: Components of a typical septic system 6 
Figure 2-2: Cross-section of a standard septic tank 9 
Figure 2-3: Processes occurring in the unsaturated zone beneath the drainfield ....11 
Figure 2-4: Development of a ground water plume containing constituents 
of septic system effluent and the processes operating within the 
ground water system that effect the fate of these wastes 13 
Figure 4-1: Site locations 24 
Figure 4-2: Locations of field instruments with detectable bromide from 
the tracer tests 34 
Figure 5-1: Location map of the Missoula sites 36 
Figure 5-2: Geologic cross-section of the Missoula Valley in the vicinity 
of the Missoula North and South sites 37 
Figure 5-3: Potentiometric map of the Missoula Valley in the vicinity 
of the Missoula North and South sites 39 
Figure 5-4: Missoula North and South location map 41 
Figure 5-5: North Site instrumentation 42 
Figure 5-6: North Site potentiometric map for June 6, 1994 44 
Figure 5-7: Aerial view of North Site chloride concentrations for June, 1994 47 
Figure 5-8: Aerial view of North Site nitrate-N concentrations for June, 1994 48 
Figure 5-9: Vertical profile of the North Site inorganic chemistry 49 
Figure 5-10: South Site monitoring network 51 
Figure 5-11: South Site potentiometric map 53 
vi 
List of Figures (continued) 
Figure 5-12: Aerial view of South Site chloride concentrations 
for June, 1994 56 
Figure 5-13: Aerial view of South Site nitrate-N concentrations 
for June, 1994 57 
Figure 5-14: Vertical profile of the South Site inorganic chemistry 
(along A-A') for June, 1994 58 
Figure 5-15: Vertical profile of the South Site inorganic chemistry 
(along B-B' and C-C") for June, 1994 59 
Figure 5-16: Location of Frenchtown Site 61 
Figure 5-17: Locations of Frenchtown Site geologic cross-sections 63 
Figure 5-18: Frenchtown Site geologic cross-sections A-A', and B-B' 64 
Figure 5-19: Frenchtown Site geologic cross-section C-C' 65 
Figure 5-20: Frenchtown Site potentiometric map 67 
Figure 5-21: Frenchtown Site instrumentation map 68 
Figure 5-22: Aerial view of Frenchtown Site chloride concentrations 
for June, 1994 71 
Figure 5-23: Aerial view of Frenchtown Site nitrate-N concentrations 
for June, 1994 72 
Figure 5-24: Locations of vertical profiles for the Frenchtown Site 
inorganic chemistry for June, 1994 74 
Figure 5-25: Vertical profile of the Frenchtown Site nitrate-N and chloride 
(along E-E') for June, 1994 75 
Figure 5-26: Vertical profile of the Frenchtown Site dissolved oxygen 
(along E-E') for June, 1994 76 
vii 
List of Figures (continued) 
Figure 5-27: Vertical profile of the Frenchtown Site nitrate-N and 
chloride (along D-D') for June, 1994 77 
Figure 5-28; Locations of Missoula septic tank sampling locations 79 
Figure 5-29: Locations of septic tanks sampled in the Rattlesnake 
Creek area 80 
Figure 5-30: Mean organic analyte concentrations for each sample type 86 
Figure 5-31: Distribution of detectable organics by sample type 88 
Figure 5-32: Select organics concentrations vs. total nitrogen for 
Frenchtown Site 91 
Figure 5-33: Select organics concentrations vs. total nitrogen for 
North Site 92 
Figure 5-34: Select organics concentrations vs. total nitrogen for 
South Site 93 
Figure 5-35: Chloride concentrations vs. select organic concentrations 
from septic tank samples 97 
Figure 5-36: Bromide concentrations in ground water during tracer test 
after 2.5 days 98 
Figure 5-37: Breakthrough curves (Bromide concentration vs. time) for 
wells 2M9,2M91, 2M92, 2M93 and 2M94 99 
Figure 5-38: Breakthrough curves (Bromide concentration vs. time) for 
wells M10, (2M10,1), and (2M10,2) 100 
Figure 5-39: Breakthrough curves and respective peclet numbers 101 
Figure 5-40: Breakthrough curves (Bromide concentration vs. time) for 
the septic tank and lysimeters 108 
Figure 5-41: Breakthrough curves (1,1,1 -trichloroethane concentration 
vs. time) for the septic tank and lysimeters 109 
viii 
List of Tables 
Table 2-1: Summary of Effluent Quality 8 
Table 2-2: Predicted Priority Organic Pollutants in Household Waste Water 15 
Table 3-1: Chemical Parameters of Selected Organic Compounds 19 
Table 4-1: University of Montana Geology Dept. Analytical Laboratory 
Specifications (part 1) 28 
Table 4-2: University of Montana Geology Dept. Analytical Laboratory 
Specifications (part 2) 29 
Table 4-3: Organic Analytes 30 
Table 5-1: Overall Number and Type of Collected Organic Samples 81 
Table 5-2: Summary of Analyte Results - Number and percentage of all 
samples collected in which organic analytes were detected and 
their concentration means and standard deviations 83 
Table 5-3: Mean Concentrations in |4.g/l of Organic Analytes 84 
Table 5-4: Number and Percentage of Samples with Detected Organics 85 
Table 5-5: Bromide Concentrations for Wells 2M9, and 2M10 96 
Table 5-6: Calculations for Hydraulic Conductivity and Longitudinal 
Dispersivity from Tracer Test 103 
Table 5-7: Bromide Concentrations for Septic Tank (2T1), and 
Lysimeters (2L1, 2L2, and 2L3) 105 
Table A-l: Detection Limits of Organic Analysis 122 
Table A-2: Summary of Quality Control and Quality Assurance 
Procedures for Organic Analyses 123 
ix 
CHAPTER 1 
INTRODUCTION 
On-site sewage disposal systems have been regarded historically as an economical 
and effective means of disposing of household wastes in a non-urban setting (Canter and 
Knox, 1984). The low population density of rural settings typically provides a sufficient 
amount of open space to allow the septic system effluent to be treated in the soil and diluted 
within the ground water to a non-hazardous level by the time it reaches an adjacent property 
and potentially becomes potable water again. However, there is an increasing trend to use 
individual on-site sewage disposal systems for new homes and subdivisions within the higher 
density urban fringe of cities and as the sole means of disposal in new rural subdivisions. 
Recent work by researchers evaluating the transport of sewage effluent components in sand-
rich aquifers warn that dilution of nitrate-nitrogen concentrations and other contaminants 
may be much less than has been assumed for decades (Wilhelm et al, 1994; Shutter et al, 
1994). 
Households served by septic systems often obtain potable water from wells 
penetrating the same ground water system being used for domestic sewage disposal. Septic 
system effluent degrades the quality of soil water below drainfield lines and the underlying 
ground water by elevating the concentration of dissolved constituents (Canter and Knox, 
1984), and introducing human pathogens (Hagedorn, 1984) and trace quantities of toxic 
organic chemicals from household products (Kalega et al., 1987). Ground water immediately 
below the disposal field and down-gradient from the effluent source area often exceeds 
1 
2 
drinking water standards for nitrate (the maximum contaminant level (MCL) of nitrate-N is 
10 mg/1) and fecal coliform bacteria (1 colony per 100 ml) (Wilhelm et al, 1994: Keswick 
and Gerba, 1980: Yates and Yates, 1989). Over 70% of the disease outbreaks traced to the 
consumption of untreated ground water are attributed to septic system waste contamination 
(Craun, 1979). Septic system effluent has also been documented to contribute to 
eutrophication of lakes and streams (Alhajjar et al., 1989). 
Several organic compounds, such as benzene, trichloroethylene (also called 
trichloroethene (TCE)), tetrachloroethylene (also called perchloroethene (PCE)), 
bromodichloromethane, dichloromethane, chloroform, and toluene have been detected in 
sewage effluent and in ground water contaminated by septic wastes (Viraraghavan and 
Hashem; 1986, DeWalle et al., 1985; Noss, 1989; and Barber et al., 1980). These 
compounds are on the EPA's list of 129 priority pollutants (Hathaway, 1980). Most of these 
are found within household products such as cosmetics, cleaners, degreasers, deodorants, 
disinfectants, laundry products, medicines, paints, polishes, and preservatives. These toxic 
organic compounds are considered a significant health threat at concentrations in the parts 
per billion range. These compounds are often detected in contaminated aquifers even though 
their release is periodic and only in trace amounts. 
Urban fringe and rural communities found within Montana depend on septic systems 
for on-site effluent disposal. The 2,625 mi2 Missoula County contains about 10% of 
Montana's population, 85,669, of which about 45% are served by community sewer systems 
(English, per. com., 1995). Of concern to the county government is that growth rates of 11% 
in the last few years have increased demand on the county's sole-source aquifer to supply 
3 
high quality water to residents. Much of the growth is occurring in the unsewered portions 
of the Missoula and Swan Valleys. It is estimated that over 30,600 septic systems are 
currently in use in Missoula County (Woessner et al., 1996). Subdivisions and rural property 
development often allow two septic systems per acre. Older regulations have allowed 
portions of the county to contain six to seven systems per acre. 
Evaluation of impacts of septic system waste disposal in Montana include work by 
Peavy et al. (1980) who monitored five subdivisions that represent varying housing densities 
in western Montana. Their work concluded there was little to no ground water degradation 
as a result of septic system disposal. Ver Hey (1987) conducted detailed instrumentation of 
two septic systems within the coarse sand and gravels of the Missoula Valley. She found the 
septic systems impacted ground water directly beneath and adjacent to the septic drainfield. 
Nitrate-nitrogen concentrations did not return to background concentrations until 
approximately 75 feet down-gradient of the drainfield. Work by Bayuk (1986) showed 
elevated nitrate-N levels and other dissolved constituents in the fractured rock aquifers in the 
Hayes Creek area southwest of the Missoula Valley. Woessner (1988) conducted a regional 
ground water quality survey of a portion of the Missoula Valley surrounding the City of 
Missoula. He found as the ground water traveled through the eastern portion of the valley, 
which is presently using on-site subsurface disposal systems, nitrate-nitrogen and chloride 
concentrations in domestic wells increased in the direction of ground water flow- In 
addition, 20% of the wells sampled in the answered area tested positive for bacteria. 
As population growth continues, protection of the ground water systems of the county 
is of paramount importance. The residences of the Missoula Valley already have taken steps 
4 
to assess ground water conditions by establishing the 208 mi2 Missoula Water Quality 
District. This thesis was part of the Missoula County Carrying Capacity Study, a research 
project investigating the cumulative impacts of septic effluent on ground water in the 
Missoula valley (Woessner et al., 1996a,b,c). 
Goals and Objectives 
The goal of this study is to determine the mechanisms controlling the fate and 
transport of chlorinated aliphatic hydrocarbons found in septic system effluent in three 
selected vadose/ground water systems. Research will include identifying the degree 
(concentration) and spatial extent of contamination of ground water by the selected 
halogenated one-, two- or three-carbon organic compounds. 
The specific objectives of this study are to: 
1) Document sources of chlorinated aliphatic hydrocarbons found in septic system 
effluent. 
2) Determine the loading rate of chlorinated aliphatic hydrocarbons to drainfields. 
3) Document the fate of compounds as they move from the drainfield through the 
vadose zone. 
4) Determine the horizontal and vertical extent of chlorinated aliphatic hydrocarbons 
in the underlying ground water. 
5) Document the relationship between the measured concentrations of chlorinated 
aliphatic hydrocarbons and the occurrence and concentrations of inorganic and 
organic indicators of septic waste in ground water systems. 
6) Recommend methods to reduce loading of chlorinated organic hydrocarbons, if 
appropriate. 
CHAPTER 2 
SEPTIC SYSTEM OPERATION AND EFFECTS TO GROUND WATER 
Portions of this chapter have been excerpted from Woessner et al., 1996. This 
discussion is intended to provide background information on septic system components and 
their functions. 
A typical septic system consists of four treatment stages that are designed to reduce 
contaminant concentrations to acceptable levels: 1) a septic tank; 2) a drainfield; 3) a soil 
zone; 4) a ground water system below the drainfield (Figure 2-1). Effluent is treated within 
the septic tank, where biochemical reactions decompose organic material and solids are 
removed by settling. The soil surrounding the drainfield plays a critical role, further treating 
liquid waste as it overflows from the tank. The soil filters the effluent and slows its 
downward movement, reducing dissolved nutrients and particulates. Soil bacteria also act 
on nutrients and organic compounds in the waste. The underlying ground water system 
receives treated effluent and disperses it in the direction of ground water flow- However, if 
the vadose zone above an aquifer is thin or has high permeability and/or effluent loading 
rates are high, concentrations of some effluent constituents may contaminate underlying 
ground water systems. 
Composition of Effluent 
All liquid-transported household wastes are treated by the septic system. This 
5 
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Figure 2-1: Components of a typical septic system (Welhelm et 
al., 1994). 
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averages about 50 gallons per person per day (Ver Hey, 1987). Components of septic 
effluent that affect water quality include inorganic and organic contaminants, and bacteria 
and viruses (Table 2-1). Nitrogen, carbon and sulfur contribute to the biological oxygen 
demand of the effluent. Waste water also typically has elevated concentrations of total 
dissolved solids, including chloride, and alkalinity (Wilhelm et al., 1994). Extremely high 
values of chloride are often found in effluent originating from households generating brines 
during the back-flushing of water softeners. The pH ranges between 6.5 and 8.0 (Canter and 
Knox, 1985). 
Septic Tank Treatment 
Household wastes drain into a collection tank where dense particulates settle to the 
bottom and grease and other light constituents form a scum layer on the liquid surface 
(Figure 2-2). The anaerobic conditions within the tank allow some decomposition of the 
sludge and scum, decreasing the solid volume. Microorganisms oxidize organic matter using 
hydrogen, carbon dioxide, organic carbon and sulfate as electron acceptors (Wilhelm et al., 
1994). About 90% of the incoming nitrogen is released from the organic molecules and 
forms ammonium (NH/). Hydrogen gas, methane, hydrogen sulfide and carbon dioxide are 
also produced as by products (Woessner et al., 1996). The remaining accumulation of solids 
collect in the tank and should be removed by pumping every three to five years. Baffles in 
the tank serve to prevent the outflow of solid matter to the drainfield. Tanks are designed 
to retain liquids for a 24 hr period at maximum sludge depth and scum accumulation (Canto-
8 
Table 2-1: Summary of Effluent Quality (Ver Hey, 1987). 
Total Dissolved Soiids 350-1200 a 
Total Organic Carbon 100-300 a 
Total Nitrogen, N 45 41-49 <X.9—125 b 
Nitrate, N .4 <.1—.9 <.1—.9 b 
Ammonia, N 31 28-34 .1-91 b 
Total Phosphorus, P 13 12—14 .7-99 b 
Orthophosphorus, P 11 10-T2 3-20 b 
Chloride 37-100 c 
Boron .1—.4 d 
Sodium 40-70 d 
Potassium 7-15 d 
Magnesium 3-6 d 
Calcium 6-16 d 
Sulfate 15-30 d 
Carbonate Alkalinity 100-150 d 
Sodium 75 71-78 e 
Zinc .45 .35—.53 e 
Lead .03 .02—.04 e 
Copper .17 .14—.20 e 
Iron .46 .19-. 64 e 
#/100mL #/100 m L 
Fecal Coliform 5.0x10" 2.5x10®- a 
1X107 
Enteric Viruses (PFU/L) 32-7000 f 
Mean 95% 
(mg/L) Confidence 
Interval 
-1
Tp/10
"
x
Range 
(mg/L) 
_9
. -.
-.5
Ref. 
Reference* 
a) Meoemlf and Eddy Inc. 1972 
b) froe seven seottc tanfce (UMv. of VHsconsin. 1978) 
e) Peevey, 1978 
d) norial range of eineral pietcuo in sewage (EPA. 1975) 
e) Wtnneoerger, 1979 
f) ate greet. 1977 
BAFFLE 
INLET -£F~ 
# 
' :Vi 
*d 
W/M /̂AW 
BAFFLE 
4 — O UTLET 
LIQUID 
'77 7 77 7 
^SLUDG r rr,V/////A> y//////f//A«. 
. o 
Figure 2-2: cross section of a standard septic tank (modified 
from Canter and Knox, 1985). 
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and Knox, 1985). 
Drain Field and Soil Zone 
The partially clarified and treated liquid is discharged from the tank to a subsurface 
drain field. This fluid is composed of large humic-like organic molecules, microbes and 
inorganic compounds (Wilhelm et al., 1994). The drain field consists of a network of 
perforated pipe or porous tile laid out in individual trenches or a single bed lined with one-
half to two inch diameter gravel. Refer to Woessner et al. (1996) for a comprehensive 
discussion of septic systems and their operations. The purpose of the distribution pipes is 
to insure the unimpeded flow of effluent from the tank, and create an area over which 
effluent can percolate into the underlying soil. A 2 to 5-centimeter thick biological mat 
forms as organics and particulates are strained at the trench fill-soil interface. This black 
slime layer also includes soil microorganisms such as fungi, bacteria, protozoans, and 
microscopic insects. The mat reduces the hydraulic conductivity of the underlying soil, 
limiting percolation rates (Jones and Taylor, 1965). 
The soil underlying the drain field is intended to mechanically and chemically treat 
percolating effluent (Figure 2-3). Under proper operation, aerobic conditions exist in the 
soil zone. The microorganisms present oxidize organic carbon to carbon dioxide and 
ammonium to nitrate (N03-). With unrestricted diffusion of oxygen from the atmosphere 
into the vadose zone, ammonium oxidation creates nitrate at two to seven times the drinking 
water limit (Wilhelm et al., 1994). When oxygen is limited and/or infiltration rates high, 
PRODUCTION PRETREATMENT DISPOSAL-TREATMENT 
evopolranspirolion 
drain field 
well 
sepllc tonk 
infiltration 
Waste Distribution 
Infiltration 
Mechanical Filtration 
Soil Adsorption 
Aerobic Treatment 
Chemical Reactions 
WATER TABLE AQUIFER 
Figure 2-3: Processes occurring in the unsaturated soil zone 
below the drainfield (after Canter and Knox, 
1985). 
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ammonium is often found within the vadose zone water and the underlying ground water 
system (Wilhelm et al., 1994). 
The vadose zone soil may also act to adsorb ammonium, phosphates, metals, 
organics, and viruses present in the waste stream. However, in low cation exchange capacity 
(CEC) soils, adsorption decreases rapidly after available exchange sites are filled. The CEC 
of soils can vary greatly, depending primarily on clay and humic content; values can range 
from 2 to 60 meq/lOOg soil, with the average soil between 10 and 30 meq/lOOg. 
An additional function of the soil zone is to mechanically sieve the effluent. As the 
dispersed waste stream passes downward through pore spaces, some bacteria, viruses, and 
large chain or cyclic hydrocarbons are filtered from the effluent and, thus, prevented from 
entering the underlying ground water. However, when pores are of large diameter, or soil 
zones are thin and percolation rates are rapid, bacteria and virus retention are often 
incomplete (Wilhelm et al., 1994). 
Ground Water 
The fourth component of the disposal system is the physical transport of the effluent 
reaching the water table from under the drainfield. As effluent containing inorganic, organic 
and biologic materials enters the ground water flow system, it is transported with the ground 
water (Figure 2-4). This process spreads the effluent into progressively larger volumes of 
aquifer. The result of this process is a lowering of contaminant concentrations, dilution. 
Though dilution is often the dominate process occurring in the ground water system, 
WELL SEPTIC SYSTEM 
GROUND WATER FLOW 
o Advection (carried with ground water flow) 
o Dispersion (spreading in the direction of and at 
right angles to flow) 
o Biotransformation (plume decay and alteration) 
o Chemical Reactions (retardation of plume development) 
Figure 2-4: Development of a groundwater plume containing 
constituents of septic system effluent and 
processes operating within the groundwater system 
that effect the fate of these wastes. 
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degradation, adsorption and other chemical reactions can occur that reduce effluent impacts. 
Ground water immediately beneath drainfields is typically elevated in inorganic 
constituents (Woessner et al., 1996). Nitrate concentrations are typically reported to exceed 
drinking water standards. Nitrates in sufficient concentrations have been shown to be 
hazardous to livestock and they also interfere with the ability of young children to metabolize 
oxygen, methemoglobinemia. Diarrhea is another possible side effect of high concentrations 
of nitrates. In a sandy aquifer, nitrate concentrations beneath the drain field were 20 and 35 
mg/l-N. Plumes contained elevated concentrations of sodium and nitrate-nitrogen at 
distances exceeding 490 ft down gradient of the drainfield (Robertson et al., 1991). 
Research by Ver Hey (1987) in the Missoula Valley found elevated total nitrogen and 
chlorides directly beneath two septic systems. Concentrations appeared to approach 
background within 60 feet of the source. As nitrate and chloride are negatively charged ions, 
they are not subject to adsorption to soil particles. These factors and their high solubility 
make these compounds extremely mobile in the subsurface. 
Research on the organic compounds associated with septic system wastes and of the 
organic compounds in household products revealed a large list of constituents that might 
potentially enter the ground water by way of septic systems. Toluene and methylene chloride 
at concentrations in the part per billion range are often found in household waste streams 
(Wilhelm et al., 1994). The most frequent contribution of toxic compounds to household 
wastewater occurs with the use of cleaning products and cosmetics (Hathaway, 1980). 
Household cleaning products for toilets, drain pipes, septic tanks, baths, sinks, ovens, stoves, 
and tiles often contain toxic compounds. The toxic compounds are solvents such as 
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dichloropropylene, dichloropropane, trichloroethylene (TCE), tetrachloroethylene (PCE), 
1,1,1-trichloroethane, and carbon tetrachloride. A list of organic priority pollutants in 
wastewater is presented in Table 2-2 (Hathaway, 1980). 
Table 2-2 
Predicted Priority Organic Pollutants 
in Household Waste Water 
1 benzene 
2 phenol 
3 2,4,6-trichlorophenol 
4 2-chlorphenol 
5 1,2-dichlorobenzene 
6 1,4-dichlorobenzene 
7 1,1,1 -trichloroethane 
8 naphthalene 
9 toluene 
10 diethylphthalate 
11 dimethylphthlate 
12 trichloroethylene 
13 aldrin 
14 dieldrin 
Notes: 
1. Compounds not listed in any specific order. 
2. From Hathaway, 1980. 
Depending on the compound type, the anaerobic environment of the septic tank will 
biodegrade some compounds, like small chain halogenated aliphatic compounds, and allow 
aromatic organic compounds to pass through the septic tank to the soil zone where they are 
transformed. The presence of large quantities of solid organic matter in the tank and a 
biological mat allow adsorption of hydrophobic contaminants. Fortunately, the septic system 
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provides a number of biochemical systems that tend to limit the movement of small 
quantities of organic compounds to the underlying ground water (Wilhelm et al., 1994). 
However, several studies show that chlorinated organics have been detected in ground water 
beneath and down-gradient of septic systems (Viraraghavan and Hashem; 1986, DeWalle et 
al., 1985, Noss, 1989; and Barber et al., 1980). 
CHAPTER 3 
ENVIRONMENTAL FATE 
The physical and chemical properties of halogenated aliphatic compounds are 
discussed in this chapter. The transport of halogenated aliphatic compounds depends on both 
the physical and chemical properties of the organic compound. Consequently, these 
properties also dictate the environmental fate of the organic compounds. 
Transport of Organics 
The transport of organics occurs in the following ways: 
1) Transport with the water phase: 
a) as free product; or, 
b) in the dissolved phase 
2) Volatilization from within the tank or soil zone 
3) Adsorption onto soil or organic material 
4) Incorporation into microbial or plant biomass 
5) Bacterial or microbial degradation 
Each will be discussed in the following sections of this chapter. 
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Environmental Fate 
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Most compounds are found in the media in which they are most soluble (Travis and 
Arms, 1987). Chemicals released to the environment partition between air, water, soil, and 
biota. The three physio-chemical properties which control the partitioning of chemicals 
between these four media are solubility, vapor pressure, and the octanol-water partition 
coefficient (Table 3-1). Vapor pressure is the pressure of a gas in equilibrium with the liquid 
or a solid at a given temperature (Fetter, 1993). 
Both solubility and vapor pressure are expressed in Henry's Law Constant, H 
(Montgomery and Welkom, 1990.) The equation for Henry's Law Constant (in 
atm*m3/mol) is: 
H=(P*FW)/(760*S*1000) 
where P is pressure (mm Hg) 
S is solubility(mg/L) 
FW is the formula weight in grams 
The Henry's Law Constant is sometimes referred to as the air-water partition 
coefficient. The H values for the organic compounds listed in Table 3-1 range between 0.10 
to 0.001 atm*m3/mol, indicating rapid volatilization (Schwarzenbach et al., 1993). The n-
octanol/water partition coefficient (Kow) is the ratio of the equilibrium solute concentration 
in the n-octanol phase to the solute concentration in the w-octanol-saturated water phase 
(Montgomery and Welkom, 1990). This dimensionless term is an indicator of whether the 
compounds will bioaccumulate in the fatty tissues (lipids) of biota. Because K„w is inversely 
correlated to solubility, chemicals with a low K„w tend to accumulate in water. 
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Table 3-1 
Chemical Parameters of Organic Compounds Associated 
with Septic System Effluent Evaluated in this Study 
Compound 
Vapor 
Pressure1 
(P) 
(torr) 
Solubility2 
in Water 
(S) 
(mg/1) 
Log Octanol 
/Water 
Partition 
Coeff. 
(KoW) 
Log Soil/ 
Water 
Partition 
Coeff. 
(KJ 
Chloroform 150.5 8,200 1.97 1.91" 
Carbon Tetrachloride 90 785 2.64 2.39b 
1,1,1 -trichloroethane 96.0 100 2.17 2.05" 
Trichloroethy lene 57.9 1,100 2.29 1.81-2.25 
Perchloroethylene 14 150-200 2.88 2.32-2.56 
Bromodichloromethane 50 l,872c 1.88 1.84" 
Dibromochloromethane 15 o
 
o
 
o
 
a
 
2.09 1.99b 
Bromoform 10 3,010-3,190 2.30 2.15" 
1,2-dibromoethane 11 4,000 1.62° 1.66° 
l,2-dibromo-3-
chloropropane 
0.58 1,230 2.26 2.12b 
Notes 
Table source, unless otherwise specified: (Hathaway, 1980) 
1 Vapor pressure at 20°C 
2 Solubility in water at 20°C 
a Schwarzenbach et al, 1993 
b Estimated; log K = 0.72 (log k) + 0.49 (Fetter, 1993) 
c Estimated; log K = 3.64 - 0.55 (log S) (Fetter, 1993) 
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A high K„w indicates that the chemical will tend to accumulate in biota or soil 
(Travis and Arms, 1987). The Log K„w values are similar for all of the analytes ranging 
between 1.88 to 2.88. If TCE were released into water it would partition to about 40% in 
air and 60% in water, using Travis and Arms' (1987) cross-media partition profiles based 
on H and Kow values. The other compounds would act similarly. 
Travis and Arms (1987) also show TCE partitioning almost 100% into air if 
released into soil. Depending on the soil/sediment partition or sorption coefficient, K^., 
the organic compound may sorb onto organic carbon in the soil or will remain in solution. 
Compounds that bind strongly to organic carbon have low water solubilities. Chemicals 
with high Koc values have retarded movement in ground water flow. Rd is a retardation 
factor describing the difference in linear flow of the sorbing solute and the effective 
velocity of ground water (Montgomery and Welkom, 1990). The retardation factor is 
represented by: 
Rd= B*Koc*Foc/Ne (Freeze and Cherry, 1979) 
where: 
Rd = retardation factor (unitless) 
B = average soil bulk density (g/cm3) 
Koc = sorption coefficient (cm3/g) 
Ne = effective porosity (unitless) 
F^ = fraction of naturally occurring 
organic carbon in soil 
The retardation factor is directly proportional to the Koc, which is low for these 
organic compounds, and therefore, none of the compounds are significantly retarded due to 
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sorption. Barber et al. (1982) reported on a ground water plume of toxic organic from 
sewage disposal site using rapid infiltration. The retardation factors that they determined 
were 1.0 for TCE (Barber et al., 1982). The soils and aquifer material in their site have a low 
organic carbon content (Foc=0.001). If soils have a high organic content, sorption will be 
significant. Non-polar, hydrophobic compounds, such as those listed in Table 3-1 
preferentially absorb into the less polar organic matter (Schwarzenbach et al., 1993). 
Retardation is also dependent on the type and quantity of clay content in the soil. If the 
cation exchange capacity (CEC) of the soil is high, adsorption of polar or charged organic 
compounds will be high, retarding flow (Schwarzenbach et al., 1993). 
CHAPTER 4 
GENERAL METHODS 
This chapter discusses the methods used to accomplish all of the stated objectives. 
An outline of the methods used is presented below. The area selection criteria are discussed 
along with the coding system of field instrumentation. Field methods, including sampling, 
are then addressed along with laboratory methods (sample preparation and analytical 
techniques). The final section of this chapter outlines the tracer tests (including household 
product survey) conducted at the Frenchtown Site. 
Methods used to accomplish each objective were: 
1) An extensive literature search was conducted to obtain documentation of sources of 
halogenated aliphatic hydrocarbons in septic system effluent. 
2) Determination of the loading rates to the drainfield were obtained by reviewing 
literature values (Ver Hey, 1987). 
3) Direct sampling of the septic effluent, vadose water, and ground water to establish 
the fate of the halogenated organic compounds and inorganic constituents in the 
vadose zone. The soil water was sampled by lysimeters placed within the drainfield. 
This enabled documentation of changes in soil water with depth beneath the drain 
field. Samples were analyzed for pH, Eh, conductivity, dissolved oxygen, 
temperature, alkalinity, ammonia, along with major cation and anion analyses, trace 
metals, and the organic compounds including chloroform, 1,1,1-trichloroethane, 
carbon tetrachloride, bromodichloromethane, trichloroethylene (TCE), 
dibromochloromethane, 1,2-dibromoethane, tetrachloroethylene (PERC), bromoform, 
and l,2-dibromo-3-chloropropane. The samples were analyzed by gas 
chromatography with electron-capture detection for halogenated aliphatic 
hydrocarbons by the Chemistry Department at the University of Montana. Standard 
sampling and analytical techniques were used and appropriate QA and QC utilized. 
A complete discussion of the QA/QC plan used in this study is provided in Appendix 
A-l. 
4) Establishment of the horizontal and vertical extent of contaminant plume by using 
22 
23 
multi-level monitoring wells and single monitoring wells (piezometers). The multi­
level monitoring wells permitted sampling of ground water at different depths. 
Samples were taken at intervals of 3 or 5 feet below the water table down to 25 feet 
below grade at the Missoula Valley sites, and 38 feet below grade at the Frenchtown 
site. The multi-level monitoring wells were placed both within the drainfield and 
down-gradient of the drainfield to catch the effluent plume. Each site also had 
sampling points up-gradient of the drainfield to establish background concentrations. 
Lithium bromide (LiBr), a conservative tracer, was added to the septic system to 
assist in defining the effluent plume. The organic tracer was derived from a 
household product containing chlorinated organics. Known quantities of the organic 
tracer were added to the system as per product instructions simulating a periodic 
cleaning event or typical discharge event into the waste water stream. 
5) Correlation of the measured concentrations of halogenated organic compounds with 
the principal septic waste constituents. This correlation provides a conceptual model 
of the occurrence and concentrations of halogenated organic compounds based on the 
principal septic waste constituents. This model can be used as a predictive tool to 
estimate potential halogenated organic concentrations in ground water based on other 
septic waste indicators. 
6) Presentation of recommendations to reduce halogenated organic compound loading. 
Area Selection Criteria 
Based on the criteria discussed in The Missoula County Carrying Capacity Study 
(Woessner et al., 1996), two areas west of Reserve Street in Missoula, and one site north of 
1-90 near Frenchtown were selected for specific individual septic systems instrumentation 
and organic sampling (Figure 4-1). These sites represent a fluvial and a fluvial/lacustrine 
environment, respectively. 
The requirements used to select study sites include the following: 
1) The sewage disposal systems should consist of a septic tank and drainfield, 
2) The septic system should function properly and be established (preferably 3-10 
Montana 
Missoula 
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Frenchtown 
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N 0 20 
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Figure 4-1: Site locations 
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years old), 
3) The location of the septic system in relation to the ground water flow system 
should allow for instrumentation down-gradient from drain field, 
4) The septic system should be isolated from possible contamination of nearby 
septic systems, 
5) The study site should exhibit the geology representative of the area, 
6) The system should be used by a household of at least two people, 
7) Landowner cooperation. 
Based on these criteria, a septic system in the Frenchtown study area and two systems 
in the Missoula study area, shown in Figure 4-1, were selected for investigation. This 
entailed installation of equipment to obtain water samples from the septic tanks; soil beneath 
the drain field; and ground water around the septic system. Details of conditions at chosen 
research sites are presented in Chapter 5, Study Results. 
In addition to the three sites with individual septic system instrumentation, the 
cleanouts of several other septic tanks in the Missoula Valley were also sampled. This 
facilitated a more accurate characterization of typical septic system effluent. 
Field Methods 
The principal field methods applied to research sites involved constructing 
piezometers and wells, obtaining water level measurements, and sampling for water quality. 
A number system was developed to facilitate record keeping. For a complete description of 
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construction and of installation of field instruments refer to the final Carrying Capacity 
Report (Woessner et al., 1996). The well coding system is presented in Appendix B. 
All water levels were recorded from domestic and monitoring wells, and piezometers 
in each of the study areas using either a graduated steel tape or electric tape (water level 
meter). Elevations of the wells were determined by surveying with a Sokkia C30 automatic 
level to the closest USGS benchmark. 
Monitoring wells were designed to provide information of the position of the water 
table and samples of the ground water system. Two types of monitoring wells were used to 
characterize ground water flow direction and chemistry during this study, piezometers and 
multi-level monitoring wells. Construction details for both are presented in Appendix C. 
An access port was added to the instrumented septic tanks by inserting a 0.5-inch ID 
polyethylene tube into the tank through a large PVC cap covering the outlet/clean-out 
opening of the septic tank. Specific instrumentation at each site is discussed in more detail 
in the results section and in the carrying capacity Final Report (Woessner et al., 1996). 
Water Sampling 
Water samples were collected periodically within each study area in Missoula County 
to determine the chemical properties of the septic wastes, soil water and ground water. 
Standard procedures were used to collect each sample. A discussion addressing the methods 
used to obtain and analyze water samples in all of the study areas is presented in Appendix 
D. 
Laboratory Methods 
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Inorganic analyses for all project samples were completed using standard techniques 
in the Department of Geology analytical laboratory (Tables 4-1 and 4-2). A complete 
description of laboratory methods for both inorganic and bacterial analyses can be found in 
Woessner et al.(1996). 
Characterization of samples for organic constituents was performed in the 
Department of Chemistry and supervised by Dr. Garon Smith. Samples were prepared 
according to E.P.A. standards published in Method 551 (Hodgeson and Cohen, 1990). A 
discussion of the quality control and quality assurance used is in Appendix A-l. 
Appendix E contains a step-by-step summary procedure of sample preparation for 
EPA Method 551. The ten halogentad organic analytes that were quantified are described 
in Table 4-3. 
Household Product Survey 
Commercially available household products were surveyed to determine the presence 
of specific halogenated organic compounds. The main objective was to find a household 
product that contained one or more of the organic compounds on the list of analytes. Its use 
is discussed in the section below on the tracer tests. Another objective was to determine the 
chemical composition of common household products. By determining the chemical 
composition of household products, the likelihood of various organic compounds entering 
Specifications of Analyses 
Analytical Laboratory 
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University of Montana, Geology 
Parameter 1 Status Reg * IMCL/fSMCL) 'MCLG (ACCEPTANCE [Status 
1 !(mg/L) (mg/L) i LIMIT 1 
Ammonia (as N) | LI 1 1 
Alkalinity (as CaC03) 1 N/AI "" " | | 
Hydrogen Ion (pH) ! 6.5-8.5(6.5-8.5) 1 1 F 
Oxygen, dissolved | ! i 
1 I 1 
Anions 1 ! i 
Bromide I 1 1 1 
Chloride 1 (250)1 ! F 
Nitrate (as N) i F 101 101 +/-10%l 
Nitrite (as N) 1 Fl 1 11 +/- 1596i 
Nitrate/Nitrite (as N) j 1 10 . 101 I 
Phosohate (as P) I 1 — ! • —— ! 1 
Sulfate (as S04) 1 defenred(250) deferred(250)i F 
I 1 1 1 
Cations ! I 1 ! 
Al L (0.05-0.2) •/- 30%| F 
As * 0.05 • ! 
B 1 | 1 
Be i P 0.001 0! 1 
Ca ! —— 1 
Cd ! F 0.005 0.0051 
Co 1 i 
Cr ! F 0.1 0.1! •/-15% 
Cu 1 P 1.3"(1.0) 131 F 
Fe i (0.3) | F 
Mg 1 i  t  
Mn (0.05) ! ! F 
Mo 1 | 1 1 
Na j 20* 1 1 
Ni i P 0.1 0.1: +/- 15%l 
P i 1 1 I 
Pb ! F 0.015-4 zeroi +/- 30961 
Si ! (0.1) i i 
Sr 1 ! 1 
Ti i ! ! 
Zn (5) ! ! F 
K ! ; I 
MCL - Maximum Contaminant Level F • Final 
SMCL - Suggested Maximum Contaminant Level L - listed for regulation 
MCLG - Maximum Contaminant Limit Goal >P - proposed (Phase II and V proposals) 
** - Action Level NA - Not Applicable 
* « Under review I : 
Table 4-1: University of Montana Geology Dept. analytical laboratory 
specifications 
Specifications of Analyses 
Analytical Laboratory 
University of Montana, Geology 
Parameter } Units I Method lEP A method # :Detection Limit (mg/L) 
Ammonia (as N) img/L (Electrode 1 350.31 0.01 
Alkalinity (as CaC03)mg/L Manual coionmetnc titration to pH 4.S 310.11 0.001 
Hydrogen Ion (pH) IpH units 1 Electr ometnc 1 150.11 0-14 pH units 
Oxygen, dissolved img/L Electrode 360.11 N/A 
1 
Anions i 
Bromide mg/L Ion Chromatography 301.01 0,5 
Chloride mg/L Ion Chromatography 300.01 03 
Nitrate (as N) mg/L Ion Chromatography 300.0! 0.1 
Nitrite (as N) mg/L Ion Chromatography 300.01 0.4 
Nitrate/Nitrite (as N)|mg/L Ion Chromatography 300.01 N/A 
Phosphate (as P) Img/L Ion Chromatography 300.0! 0.5 
Sulfate (as S04) mg/L Ion Chromatography 300.01 0.6 
1 
Cations 1 ! 
Al Img/L ICP-ES 200.71 0.07 
As mg/L ICP-ES 200.71 0.07 
8 mg/L ICP-ES 200.7! 0.04 
Be Img/L ICP-ES 200.7! 0.0003 
Ca mg/L ICP-ES 200.7' 0.1 
Cd mg/L ICP-ES 200.7! 0.01 
Co mg/L ICP-ES 200.71 0.03 
Cr mg/L ICP-ES 200.71 0.008 
Cu mg/L ICP-ES 200.71 0.01 
Fe mg/L ICP-ES 200.71 0.03 
Mg mg/L ICP-ES 200.7! 0.1 
Mn mg/L ICP-ES 200.7 .005 
Mo mg/L ICP-ES 200.7i 0.01 
Na mg/L ICP-ES 200.7! 0.1 
Ni mg/L ICP-ES 200.7! 0.02 
P jmg/L ICP-ES 200.71 0.2 
Pb Img/L ICP-ES 200.71 0.1 
S img/L ICP-ES 200.7! 0.1 
Sr Img/L ICP-ES ' 200.7' 0.05 
Ti img/L ICP-ES 1 200.71 0.05 
Zn 1 mg/L (ICP-ES 200.7| 0.005 
K 1 mg/L 1 ICP-ES I 200.71 1.5 
Note: The values for detection limits listed are conservative, individual analyses may yield values "BDL" that are justifi; 
Table 4-2: University of Montana Geology Dept. analytical laboratory 
specifications (part 2) 
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the wastewater stream could be assessed. Results of the product survey showed only five 
of the ten analytes determined at the University of Montana, Department of Chemistry were 
readily available in household products. 
TABLE 4-3 
Organic Analytes Determined in Water Samples 
Analyte Formula Abbreviation CAS# 
1) Bromodichloromethane BrCl2CH BDCM 75-27-4 
2) Bromoform Br3CH Brom 75-25-2 
3) Carbon Tetrachloride CC14 Crbnt 56-23-5 
4) Chlorform CI3CH Chlor 67-66-3 
5) Dibromochloromethane Br2ClCH DCM 124-48-1 
6) l,2-dibromo-3-chloropropane Br2ClC3H5 DBCP 96-12-8 
7) 1,2-Dibromoethane Br2C2H2 DBE 106-93-4 
8) Tetrachloroethylene C2C14 Perc 127-18-4 
9) 1,1,1-Trichloroethane C13C2H3 C13Eth 71-55-6 
10) Trichloroethylene CI3C2H TCE 79-01-6 
Internal Standard 
1) l,l-dichloro-2-propanone CI2OC3H4 INT 513-88-2 
The organic compounds identified in the product chemical inventory were 1,1,1-
trichloroethane, perchloroethylene (also called tetrachloroethylene), chloroform, carbon 
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tetrachloride, and trichloroethylene. For details of the product inventory and survey of the 
organic chemicals they contain refer to Appendix F. 
Budget constraints and a need to analyze many samples limited the number of organic 
compounds determined for each sample. Several compounds were of interest to the 
Missoula City-County Health Department, such as trichloroethylene (TCE), 
tetrachloroethylene (PCE), 1,1,1-trichloroethane, and 1,1-dichloroethane. An analysis 
method and calibration standards were selected on the basis of an extant certified protocol 
in the literature, the necessary lab equipment and the facilities to conduct it, budget 
considerations, and the potential public health risk inherent in the compounds toxicity. A 
list of the analytes previously presented in Table 4-3 reflect EPA Method 551. 
Tracer Tests Review at the Frenchtown Site 
One method of determining characteristics of sub-surface flow is to inject a chemical 
into the water and trace its movement as it flows through the ground water system. Docu­
menting the flow of both organic and inorganic chemical constituents through a septic system 
is essential to understanding degradation and treatment of septic wastes. A tracer test was 
performed at the Frenchtown site to accomplish both objectives. 
Lithium bromide is a chemically conservative salt commonly used as a tracer in 
ground water. The organic tracer used was 1,1,1-trichloroethane. The rational for this 
selection was dictated by the need to meet the following criteria: 
1) It must be similar in behavior and chemical structure to the compounds suggested 
by the Missoula City-County Health Dept. These are classified as the 
trihalomethanes and halogenated ethanes and ethenes. 
2) It must be commercially available in a household product which could enter the 
ground water via the septic tank. 
3) It must be economically analyzed by available laboratory equipment and methods. 
4) It must have a drinking water standard great enough to allow a given quantity to 
be detected within the ground water after allowing for dilution within the septic 
and ground water system without exceeding the drinking water standard. 
1,1,1-Trichloroethane has a maximum contaminant level (MCL) of 200 (ag/1. This 
is about 40 times higher than the other analytes meeting criterion of above. It was also 
prevalent in several household products available to the general public, viz., "Formby's 
Furniture Cleaner". The manufacturer's safety data sheet (MSDS) (Appendix G) was 
consulted to determine that there is 25% by weight 1,1,1-trichloroethane available within the 
furniture cleaner. 
A 20-ml portion of Formby's Furniture Cleaner was added to a toilet on the 
Frenchtown site along with 823 g of LiBr. The 20 ml of furniture cleaner contains 3.83 g of 
1,1,1 -trichloroethane. The toilet was then flushed four times to simulate a slug of 20 gallons 
(most U.S. toilets consume 5 gallons of water per flush). As the 20-gallon slug entered the 
tank, it carried concentrations of 1,012 ppb 1,1,1-trichloroethane and 10,000 ppm Bromide 
ion, assuming both compounds mixed completely and totally dissolved. A similar 
experiment was performed at the University of Waterloo using dichlorobenzene (available 
in a household product), and 1 kg of LiBr (Robertson, 1994.) 
A second simultaneous tracer test was conducted at the same site to evaluate flow in 
the finer grained soil below the drainfield. The second tracer was necessary because of the 
great length of time estimated for the first tracer to reach the water table (between 1 and 6 
months). The second tracer test consisted of injecting a 20-gallon slug of water with a 
bromide ion concentration of 1,000 ppm into the ground water beneath the drainfield. Two 
wells, installed within the drainfield (Figure 4-2), were used to inject the slug at a rate of 
approximately 0.5 gal/min at each well. 
Injection wells 211 and 212 were constructed and installed identically to the 1.25-in. 
diameter PVC piezometers discussed previously (Woessner et al., 1996). Wells 211 and 212 
extend 14 feet below grade to the water table (see Woessner et al., 1996, for well inventories 
at each site). Slug injections were achieved by mixing the bromide until it dissolved into a 
55-gallon drum containing 20 gallons of domestic well water. Two 0.5-in. diameter 
polyethylene tubes ran out of the base of the drum and into the two injection wells. 
Monitoring of the septic tank, lysimeters, and monitoring wells began immediately 
afterwards, and continued for 63 days. Sampling occurred twice a day for the first week, 
once a day for the second week, every two days for the third week, then weekly for three 
weeks, and bi-weekly afterwards. Samples collected from the septic tank and lysimeters 
were analyzed for bromide and the ten organic compounds listed in Table 4-3, while samples 
from the monitoring wells were analyzed only for bromide because the organic tracer did not 
reach the water table within our sampling period of 63 days. 
Tracer Test - Frenchtown Site 
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Figure 4-2: Locations of field instruments with detectable bromide from the tracer 
tests 
CHAPTER 5 
RESULTS AND DISCUSSION 
This chapter presents the results of research efforts conducted at the two sites west 
of Missoula and the Frenchtown site. It provides a summary of the inorganic, biologic and 
organic analyses as well as the tracer tests conducted at the Frenchtown site. The inorganic 
data at each of the three sites is presented first to establish the general extent of septic 
effluent contamination. The organic results are then discussed followed by the tracer tests 
conducted at the Frenchtown site. 
West of Missoula 
The portion of the eastern end of the Missoula valley lying west of Reserve Street and 
adjacent to the City of Missoula, is unsewered (Figure 5-1). Growth in this region has 
resulted in expanded use of septic systems as a means of waste disposal. Residents of this 
same area rely on household wells in the underlying unconfined high-hydraulic conductivity 
aquifer as their sole source of water supply. Discharge of thousands of septic systems enter 
the upper portion of the same aquifer daily. 
Previous research on the hydrogeology and general water quality of the coarse 
grained Missoula Aquifer reveal the aquifer is composed of 100 to 150 ft of sand, gravel and 
cobbles with some finer silt and clay zones (Woessner, 1988) (Figure 5-2). Ground water 
originates from the leaking Clark Fork River and flows south-southwest to discharge to the 
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Figure 5-1: Location map of the Missoula sites 
Woessner (1988). 
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Bitterroot River and western portions of the Clark Fork River (Figure 5-3). The water table 
is over 30 feet below ground surface near Reserve Street and less than seven or eight feet 
below ground surface near the Bitterroot River. Annually, the water table fluctuates four to 
six feet in this portion of the aquifer. The coarse grained nature of the aquifer makes 
transmission of ground water rapid. Estimates of ground water velocities range from 6 to 60 
ft/d (Miller, 1991). 
Ground water west of Reserve Street is generally of high quality, easily meeting 
drinking water standards. Evaluation of over a 100 wells for water quality parameters 
resulted in identification of a general increase in dissolved constituents along the ground 
water flow path (Woessner, 1988). This trend is common in ground water systems. 
However, the increases in nitrate-N observed west of Reserve Street are of concern as no 
source of natural nitrate is present in the aquifer (Woessner, 1988). Chloride concentrations 
also appear to increase west of Reserve Street (Woessner, 1988). The combination of 
elevated concentrations of chloride and nitrate-N imply introduction of these constituents 
from an source outside of the aquifer. Septic system discharges have been suggested as one 
possible source. 
Two locations were selected for drainfield instrumentation, designated the Missoula 
North and Missoula South sites. Specific results of these investigations follow. 
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Figure 5-3: Potentiometric map of the Missoula Valley in the vicinity of the 
Missoula North and South sites Woessner (1988). 
North Study Site 
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Site Setting 
The North Site is located on the north side of the 4400 block of Spurgin Road, at the 
corner of Spurgin and Sierra Drive (Figures 5-4 and 5-5). The site is a two acre lot on which 
a three bedroom house was built in 1970. The septic tank and drainfield has been in 
continuous use since construction and there are currently two permanent residents. Directly 
east of the site and up-gradient of ground water flow is one house and its associated septic 
system, plus 20 acres of undeveloped land. To the west, adjacent improved lots and horse 
pastures are within 200 ft of the drainfield, limiting the study space. 
Generally, earth materials at the North Site are (Figure 5-2) characterized by a thin, 
one to three feet thick, soil zone overlying generally coarse gravel, sand, and cobbles 
(Woessner, et al., 1996). Clasts appear to be derived from Belt Group rocks. There is some 
clay-rich soil near the south drainfield arm and near the junction of the two laterals. A 1.5-ft 
thick, organic-rich layer was observed at 1P3, within a clay layer found in the unsaturated 
zone. However, clay-rich zones did not appear to be present at depths penetrated below the 
water table. 
Domestic well logs from this portion of the Missoula Valley show the sediments are 
predominately sand and gravel. A zone of some finer material, recorded as intermittent one 
to three feet thick clay layers, occurs between 30 to 60 feet below the land surface, well 
below the shallow water table. This is consistent with previous investigations. Wells in 
the region are typically finished between 60 and 100 ft below land surface. 
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Hvdrogeologv 
Water level data collected from site instrumentation on June 6,1994, show ground 
water flowing generally to the west with a southern component (Figure 5-6). Ground water 
flow direction and hydraulic gradient appear to vary slightly during the year (Woessner et 
al., 1996). The hydraulic gradient between monitoring wells 1M1 and 1M7 is 0.004 
Septic System 
The home waste system consists of a 1000-gallon concrete septic tank installed in the 
back yard (north of house) with cast iron input and outlet mains. The outlet runs west to a 
"Y" junction where two four inch diameter perforated PVC lateral drainpipes extend out to 
the northwest and southwest approximately 80 ft. The angle between the laterals is about 50 
degrees and the north arm is aligned roughly parallel to the direction of ground water flow. 
The inside of each lateral was inspected via an in-pipe video camera and the results recorded 
on video tape. The inspection revealed that most, if not all of the discharge is flowing 
through the north lateral. It was also observed that drainfield pipes were separated at all pipe 
connections. Discharge appears to be exiting primarily from the first eight feet of pipe on 
the north lateral. 
Instrumentation 
Instrumentation of this site consisted of 7 multi-level monitoring wells, 14 
piezometers, 3 lysimeters, and a septic tank access port. (Figure 5-5) For details of 
construction and installation refer to Woessner et al., 1996. 
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Water Quality Results 
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Installation of the North site instrumentation was initiated in September, 1993, and 
water quality sampling for inorganics were collected from wells and piezometers between 
9-21-93 and 6-12-94, Though all parameters and all sampling points were not evaluated for 
each sampling date, a representative set of water quality data were obtained (Woessner et al., 
1996). 
Concentrations of chemical constituents associated with the septic system, such as 
dissolved oxygen, total nitrogen (nitrate-N or ammonia-N), chloride, orthophosphate and the 
presence or absence of fecal coliform bacteria, were compared to background concentrations. 
Their impacts are described in detail in Woessner et al., 1996. 
Septic effluent composition varied during the study period as indicated by the range 
of total nitrogen values, <0.01 to 34.0 mg/1 (Ammonia-N) (Woessner et al., 1996). The 
operation of the septic system in this setting was assumed to be loaded by about 100 gallons 
per day of waste (50 gal/d/person, household size of 2) (Ver Hey, 1987). The timing of this 
loading most-likely corresponded to periods in the morning and evening. Observations at 
the effluent sampling port found septic system discharge was not continuous and was focused 
within the north line. 
System effluent contained high concentrations of chloride, a result of the regeneration 
process associated with use of a household water softener (Woessner et al., 1996). The 
chloride appears to pass from the drainfield to the water table without any reduction in 
concentration occurring. The ammonia-N produced in the septic tank undergoes oxidation 
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in the vadose zone as nitrate-N dominates the lysimeter water chemistry. The elevated 
nitrate-N, the presence of ortho-phosphate, the high chloride and low dissolved oxygen in 
the ground water all imply the rapid infiltration of waste to the water table. 
Aerial distributions of chloride and nitrate-N concentrations found in the ground 
water in June, 1994, are presented in Figures 5-7 and 5-8. These plots show a complex 
distribution of constituents at the North Site. The evaluation of the plume area and character 
was hampered by the lack of clear information on the location of discharge within the 
drainlines and the atypical drainline configuration. It appears that the majority of the waste 
was exiting the system from focused areas within the first 20 feet of each drainline. Site 
instrumentation was designed based on the westward flow of ground water. It is apparent 
that septic discharge was more to the west-southwest than anticipated. Chloride values in 
ground water samples reflect the varied, but high inputs of chloride. Values within the 100 
mg/1 isoconcentration line often exceeded 400 mg/1 chloride. Nitrate-N concentrations were 
as high as 5 mg/1 during January-February sampling. June sampling shows concentrations 
of nitrate-N slightly above 1 mg/1 in ground water. 
A vertical profile of multilevel monitoring wells 1M2 and 1M4 shows ground water 
immediately beneath the drainline area had elevated concentrations of constituents associated 
with septic waste (Figure 5-9). High chloride concentrations appear to extend 8 to 15 feet 
below the water table at the site. Nitrate-N concentrations exceeded background 
concentrations to a depth of about eight feet at monitoring well 1M4. Ammonia-N was 
present in the upper three feet of the water table in June 1994 at monitoring well 1M2. Water 
within these zones of elevated constituents had low dissolved oxygen concentrations 
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Figure 5-7: Aerial view of North Site chloride concentrations for June, 1994 
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South Study Site 
Site Setting 
The South site is located south of Sundown Road in the southwest corner of the 
Missoula Valley near McCauley Butte. It is a privately owned residential lot on which three 
dwellings were built in 1987 (Figure 5-10). Two of the buildings are plumbed and connected 
to a conventional tank and drainfield disposal system. The third building is used as an office 
and for storage. There are currently four adults and two school age children as permanent 
residents. It is bordered by a very low density of development in the up-gradient ground 
water flow direction (east). Down-gradient, there is no development and approximately 0.5 
miles of pasture leading to the Bitterroot River. 
The geologic setting at the South Site consists of a soil zone about two feet thick 
overlying coarse sand, gravel, and cobbles. Generally, the material is slightly more sandy 
than North Site and the coarsest sediments (cobbles) are not as large. Clast composition is 
dominated by granitic material. Though cores were not collected at this site, some silty, 
organic-rich soil was observed at the surface at 1M8 and evidence of some silty clay and 
saturated clay material mixed with the gravel was observed during construction of wells 
1M12 and 1M13 (Woessner et al., 1996). 
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Driller's reports for domestic wells show mixed sand, gravel, and some clay mixed 
with sand at greater than 25 feet below grade (Woessner et al., 1996). A soil boring log for 
a well near this site reports bedrock at 116 feet below the surface. Wells in the region are 
typically finished between 50 and 100 feet below land surface. 
Hydrpgeology 
A water table map for this area is presented in Figure 5-11 (Woessner et al., 1996). 
Ground water flows from the east to the west. This pattern remains constant during the year. 
The ground water gradient varies at the site, from 0.004 just west of the drainfield to about 
0.009 for entire site. The water table is at a depth of nine to twelve feet below land surface 
during the summer. Winter water levels in the vicinity of the houses are typically four feet 
lower than in the summer. 
Septic System 
In 1982, a 1000 gallon concrete tank was attached to two buildings that are now 
essentially separate residences (Figure 5-10). The tank outlet extends east for about 65 feet 
to a point just beyond a pasture fence. Here, three 66-feet long perforated drain laterals, that 
are parallel and run north-south are spaced six feet apart, and extend at right angles from the 
main discharge pipe. These drain pipes are oriented roughly 90° to the ground water flow 
direction (Figure 5-10). Video inspection of the outlet main from the tank shows that the 
300 West Missoula Study Area 
South Site 
Potentiometric Surface June 1994 
Elevation + 3100 ft. above sea level 
250 " 
N 
w 
20<\ " 
Feet 
150 
100N 
A6 
50 
10.6 
A domestic welt 
• piezometer 
• multilevel monitoring welt 
• suction lysimeter 
-I—I 1 1 1 1 1 1 1 1 1 1-
50 100 150 200 250 300 
Feet 
Figure 5-11: South Site potentiometric map 
54 
openings of the first two laterals are essentially plugged, directing the bulk of discharge to 
the eastern most lateral. 
Instrumentation 
A total of 11 piezometers, 6 multi-level monitoring wells, 2 lysimeters and a septic 
tank access port were installed at the South site. (Figure 5-10) Well inventory and 
construction details can be found in Woessner et al., 1996. 
Water Quality Results 
The South Site instrumentation was installed in September, 1993, and water quality 
samples for inorganics were collected from wells and piezometers between 10-11-93 and 
6-9-94 Though all parameters and all sampling points were not evaluated each sampling 
date, a representative set of water quality data were obtained (Woessner et al., 1996). 
Concentrations of chemical constituents associated with the septic system, such as 
dissolved oxygen, total nitrogen (nitrate-N or Ammonia-N), chloride, orthophosphate, were 
compared to background concentrations and impacts described. 
The septic waste, characterized by samples of effluent leaving the septic tank, was 
depleted in oxygen, and elevated in total nitrogen (ammonia-N), chloride, and 
orthophosphate (Woessner et al., 1995) Septic effluent composition varied during the study 
period as indicated by the range of total nitrogen values, 32.1 to 40.5 mg/1 (ammonia-N). 
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The septic system in this setting was assumed to be loaded by about 300 gallons per day of 
waste (50 gal/d/person, household size of six). The loading of this system probably occurred 
principally in the morning and evening. Observations at the effluent sampling port found 
septic system discharge was not continuous. 
Chloride appears to pass from the drainfield to the water table without any reduction 
in concentration. The ammonia-N produced in the septic tank undergoes oxidation in the 
vadose zone just below the drainfield as nitrate-N dominates the lysimeter water chemistry. 
The presence of orthophosphate and the low average dissolved oxygen measurements 
beneath and immediately down gradient of the drainfield imply that septic waste is rapidly 
infiltrating and entering the ground water system at this site. 
Aerial distributions of chloride, nitrate-N and other selected parameters are presented 
in Figures 5-12 and 5-13, respectively. These data indicate the effluent plume extends to 
about 200 ft. west of the drainfield. The plume is concentrated at the water table and extends 
vertically below the water table in a mixing zone about 8 ft thick (Figures 5-14 and 5-15). 
When these concentrations are compared to background concentrations, it is clear that 
ground water west of the house is impacted by septic wastes. These values represent 
maximum concentration values from multilevel monitoring wells sampled on that date. 
Samples of ground water in the plume area were elevated with respect to chloride and 
nitrate-N. 
Monitoring Well 1M8 was installed to represent background concentrations. 
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However, this well exhibits elevated nitrate-N concentrations indicating that it is either being 
impacted by the drainfield under study, or from a septic system up-gradient. These elevated 
nitrate-N levels may be due to the effluent pooling on top of a low hydraulic conductivity 
unit, such as a clay lense, and flowing northeast. Figures 5-14 and 5-15 show the well 
samples in the upper two ports were impacted by septic effluent, and are within about four 
feet of the water table. The water below this zone is assumed to represent background water 
quality. 
Frenchtown Area 
Site Setting 
The individual septic system site selected in the Frenchtown area is located on 
Quarter Mile Road off of Roman Creek Road about a mile north of Frenchtown Pond (Figure 
5-16). The house is served by a domestic well that penetrates a sand and gravel aquifer lying 
between 15 and 45 ft. below land surface. This coarse grained zone contains alternating sand 
and gravel layers interbedded with clay lenses. The well is finished to 32.5 ft. and is open 
ended. 
The land surface slopes gently to the south and west in the region. In general, below 
the few feet of soil is found approximately ten feet of interbedded clay, silty sand, and gravel 
characteristic of a fining upwards sequence of fluvial deposits. These sequences dominate 
the geology within the area and extend to 25-60 feet below the surface. Geologic cross-
sections based on driller's well logs (A-A', B-B' and C-C') show a change in the fine-grained 
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sediment layer (Figures 5-17,5-18 and 5-19, respectively). The clay lenses increase towards 
the east until they are no longer reported as clay lenses in the drill logs but as a "heaving 
clay" or "quicksand". The same pattern occurs from south to north in cross-section C-C' 
giving fewer distinct clay lenses toward the southern part of the site (below the Frontage 
Road). 
A 100-150 ft. thick layer of finer grain sediments underlies the higher energy fluvial 
sequence. These sediments consist of silty sand with clay and gravel interbeds. Below this 
lies 30 to 50 feet of gravel with sand and some clay. This sequence is underlain by fine­
grained tertiary sediments believed to be the Renova formation. 
Hvdrogeologv 
The study area has two aquifers, both sand and gravel with varying amounts of clay. 
The upper aquifer is unconfined and is 20-50 feet thick. The lower aquifer is confined by 
the sequence of fine-grained sediments. Both the water table and the potentiometric surface 
for the confined aquifer range between seven and fifteen feet below land surface over the 
entire study area, based on water levels from both monitoring and domestic wells over the 
Frenchtown area. Generally, ground water flows south to southwest from the foothills and 
irrigation ditches towards the Clark Fork River in the eastern half of the study area 
(Woessner et al., 1996). In the western half of the study area, ground water flow direction 
is west to southwest. 
The water table at the Frenchtown site is 10 to 14 feet below land surface and 
I!!!!!!! 
II 
! i i: •: * i". V:! 
iiiii! 
• nil: 
!! i ::tr:j 
:::::::::::: 
i i i lpi i i ,  .#.........I •»• 
i :is(:ssi ::: 
I I M M M I M I M I  
• • • • t i i i i i n .  
• tlllllll 
!l ! J 
FRONTAGI 
LOCATIONS OF FRENCHTOWN 
GEOLOGIC CROSS-SECTIONS 
Figure 5-17. Locations of Frenchtown Site geologic cross-sections 
SCALE 
1,165 FEET ON 
B * '  
B ' • • • •  • * * % » * •  •  • *  • *  • • * » » • -  . , i  
. . -. - «»**.A »V_' . • . "• . . —»•— 
r ~ *  : ~  • •  *  f  •  .  • 7 T r « *  *  •  ̂  -  . r  * t  *  * •  a *  •  •  V -
.* •• •.* • 'at "• ••• • • „ • •• • 1 * •r"* 
*  •  • /  - r  •  •  i * .  V "  -  ' . t V/:-. ~ •• \s.-j • ? .• • -i-s 
. '• =• .-r •'"! ^rrr^^: / .• . IV. 
'?7-JS*-zliL 3000 
2940 5 
> 
2920 £ 
1,084 FEET 
> 
> * O m • ' »•» 
* r  1  .  %  ,  
a . — —. • 
SCALE 
1,084 FEE1 
' •  • »  *  
Figure 5-18: Frenchtown Site geologic cross-sections A-A', and B-B' 
3040 . 
-1.2980 2980 _ :\. 
2920 V.T-' 
2900 r~F-
2860 
2840 
<>'- s = 73o %t>' »'•'• 4• • °••?. •" * •• '• •a \ : 
; '  «-r-* v . -v ,•  f . '  .*  • '  .  •  » « •  « o • .  . s .  •  -  •  »  •  .  •  »  «  •  
SCALE 
1,084 FEET 
GEOLOGIC CXOSS—SECTION. 
if~~_2860 
2840 
65 
KEY 
Sana 
• • O a 
• - Graven 
Clay 
Figure 5-19: Frenchtown Site geologic cross-section C-C' 
66 
ground water flows from north to south with a hydraulic gradient of approximately 0.003. 
(Figure 5-20). Ground water at the site generally flows from the north to the southwest. If 
was found that the general direction of ground water flow varied only slightly at this site 
during the year (Woessner et al., 1996). The water table varied about five to six feet during 
the year with the lowest elevation in March and the highest elevations during the summer and 
early fall. The increase in elevation of the water table coincides with flow of water through 
the irrigation ditch to the west of the Frenchtown Site. Water levels in wells near the 
irrigation ditch increased when the ditch was filled. However, the irrigation ditch did not 
seem to appreciably increase the hydraulic gradient at the Frenchtown Site. A bromide tracer 
test conducted as part of the organic transport study at the site yielded a ground water 
velocity of 7.5 ft/d. 
Septic System 
The 1000 gallon tank and 300 fit of drainline making up the household septic system 
was used by two to four residents during the study. The ten year old system's septic tank was 
pumped in early October, 1993, to remove solid material. The tank is buried 1.5 ft below 
land surface. The drainfield is made up of three parallel 100 ft sections of perforated PVC 
pipe lying seven feet apart that are perpendicular to the main discharge line (Figure 5-21). 
The drainfield lies two feet below ground surface. Inspection of the system using a remote 
video camera revealed that only the closest 100-foot lateral of perforated pipe was actively 
receiving septic tank wastes. The actual length of drainline actively discharging wastes 
could not be determined. The septic system was fitted with an access port for sampling 
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Figure 5-21: Frenchtown Site instrumentation map 
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effluent leaving the septic tank. 
Instrumentation 
A total of 14 piezometers were installed, two of which were used for injection wells 
(Figure 5-21). In addition to the small diameter piezometers, 14 multi-level sampling wells 
were installed, along with 5 lysimeters, and a septic tank access port. One well, 2M6, is 
located up-gradient of the drainfield as a control well and the other 13 are down-gradient of 
the drainfield. Well construction details are presented in Woessner et al., 1996. 
Water Quality Results 
Ground water quality sampling was conducted between 8/93 and 6/94 for inorganic 
constituents (Woessner et al., 1996). Detailed sampling for dissolved organic constituents 
and a bromide tracer test were also conducted at this site. Results of this specific work will 
be discussed later. 
Concentrations of chemical constituents associated with the septic system at the 
individual system study site were compared with concentrations of nitrate-N, ammonia-N 
or Total nitrogen, chloride and ortho-phosphate. Woessner et al., 1996, discuss septic system 
impacts to both the vadose zone and the ground water in detail. 
The septic waste was characterized by samples of effluent leaving the septic tank 
which showed the average waste fluid was depleted in oxygen and elevated in total 
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nitrogen (ammonia-N), chloride, orthophosphate, and fecal coliforms (Woessner et al., 1996). 
Septic effluent composition undoubtedly varied during the study period as indicated 
by the range of total nitrogen values, 17-4 to 33.9 mg/1 (ammonia-N) (Woessner et al., 1996). 
The operation of the septic system in this setting was assumed to be loaded by 100 to 200 
gallons per day of waste (50 gal/d/person, household size varied between 2 and 4). The 
loading was intermittent and appeared to be concentrated in the morning and evening. 
Evaluation of ground water data using average concentrations is complicated by the 
annual five to six feet of change in the water table at the site. This results in a shifting of the 
location of the position of the impacted ground water relative to the multilevel sampling 
ports. Thus, it is useful to examine data sets collected on one sampling date to better 
characterize the plume character. The presence of both elevated chloride and nitrate-N 
concentrations in the ground water system at this site represents septic system impacted 
water (Woessner et al., 1996). 
Figures 5-22 and 5-23 present representations of a map view of the chloride and 
nitrate ground water plumes emanating from the drainfield based on data collected between 
6/21/94 and 6/29/94. Data were reviewed for other sampling dates and the June data were 
judged representative of conditions at the site. Concentrations for this aerial plume were 
based on averaging the water quality data within eight feet of the water table. Based on 
background chloride concentrations of 2 mg/1, the septic plume extends over 200 ft. from the 
drainfield. The nitrate-N plume also appears to extend greater than 200 from the drainfield. 
Background nitrate-N concentrations are about 0.1 mg/1. Both plumes appear to be about 50 
ft. wide near the source and expand to about 75 ft. in width at about 200 ft. from the 
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Figure 5-22: Aerial view of Frenchtown Site chloride concentrations for June, 1994 
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Figure 5-23: Aerial view of Frenchtown Site nitrate-N concentrations for June, 1994 
drain field. 
The plume generated by the drain field at this site impacts a zone extending from 
the water table to a depth of 7 to 10 feet below the water table (Figures 5-24 through 2-
27). Below this impacted zone, ground water quality reflects background levels. 
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Figure 5-24: Locations of vertical profiles for the Frenchtown Site inorganic 
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Cross-Section of Chloride and Nitrate-N Concentrations 
for June 1994 along E-E' at Frenchtown Site 
2M10, 2M0 
2M1 3040 2M7 2M3 2M2 3040 
OO 
Drain ield 
3030 3030 
13.7 0.4 • 7.5- • 9.4 
1.S: 3.3 2.9 0.2 9.6 0.2- 6.3 • 2.7 3.3 0.9 <0.1 • • 
2.7 3020 Nitrate-N 2.2 0.8 2.6 3020 0.3 4.0, 
4.3 2.4 
0.2 •• 
2.2 2.7 0.3 0.1 • • Plume Boundary Chloride 2.0 
0.1" 
1.8 0.1 
7" 
2.0 Nitrate-N Bold 
Chloride Italic 
0.6 
3.0 3010 3010 
0.1 1.8 
Concentrations in mg/l 
0.1 1.9 
3000 3000 
150 
DISTANCE (Feet) 
250 200 100 
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(along E-E') for June, 1994 
Cross-Section of Dissolved Oxygen for June 1994 
Along E-E' at Frenchtown Site 
2M10, 2M0 
2M1 3040 2M7 2M3 2M2 3040 
O O  
Drain ield 
3030 3030 
•7.2 •7.9 UL 
'• 8.2 • 6.6 *7.9 
•4.5 3020 " 3020 • 7 . 4  6.2 •7.4 
- 5.9 
6.0 
_J Plume Boundary •8.0 
•10.9 
; _7. 3010 3010 
8.2 
Concentrations in mg/l 
7.9 
3000 3000 
150 250 200 
DISTANCE (Feet) 
Figure 5-26: Vertical profile of the Frenchtown Site dissolved oxygen (along E-E') 
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Figure 5-27: Vertical profile of the Frenchtown Site nitrate-N and chloride 
(along D-D') for June, 1994 
Organic Analyses Results 
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This section first describes the site locations where the organic samples were 
obtained. It then discusses the sample types and specific aspects of the organic analyses. 
The results of the organic analyses are initially discussed in general terms (grouping all 
samples together), then in terms of sample types (septic tanks, lysimeters, impacted 
ground water, and background ground water). The organic analysis results of each of the 
sites are compared and contrasted. Finally, the bromide and organic tracer test results are 
discussed. 
The number of samples analyzed for organic compounds was limited by the cost 
of the analysis and the amount of time required to analyze each sample (1 hour). Given 
preparation time and oven cooling, a maximum of 5 samples could be analyzed in an 
average work day including lab blanks and calibration runs. Therefore, sampling efforts 
were directed toward those field instruments which were believed to be most impacted by 
the effluent plume, such as; the lysimeters in the drainfield, monitoring wells showing 
elevated nitrate and chloride levels in ground water, and septic tanks at the Frenchtown 
site, and the Missoula North and Missoula South sites. 
In addition to the septic tanks located at the individual sites, several other sep­
tic tanks in Missoula were also sampled for organics as part of a related senior research 
project (Figure 5-28). Three were located in the Rattlesnake area and one septic tank was 
located along Spurgin Road (Figure 5-29). The Missoula North site was sampled on 
3/23/94 and 4/8/94 and analyzed for the ten organic compounds listed in Table 3-4. The 
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Figure 5-28: Locations of Missoula septic tank sampling locations 
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Missoula South site was sampled on 6/15-6/16/94. The Frenchtown site was sampled on 
5/11/94, 6/2/94, 6/21-6/23/94, and several days during the tracer test in August, 1994 
(8/1, 8/2, 8/3, 8/4, 8/5, 8/6, 8/8, 8/10, 8/12, 8/16, and 8/18.) The other septic tanks from 
non-instrumented sites were sampled on 8/23/94. Sampling methods were discussed in 
chapter four along with analytical methods. Table 5-1 summarizes the number and type 
of samples collected and of analytical runs performed for analyses. 
Table 5-1 
Analyses Descriptions 
Number of 
Analyses 
1. Total number of samples, blanks and calibrations analyzed 263 
2. Samples collected from septic tanks, lysimeters, piezometers, 
monitoring and domestic wells 
121 
3. Laboratory blanks, field blanks, field duplicates 34 
4. Initial calibrations 8 
5 Recovery analysis 6 
6. Daily single point calibration checks 56 
7. Analyses not included in report 38 
General Organic Results 
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The actual concentrations for all of the sample analytes are shown in Appendix A-
10. Most of the concentrations are less than 1 (j.g/1 for all analytes, except DBCP and 
perchloroethylene (Table 5-2). DBCP was detected in 14.56% of samples analyzed, and 
perchloroethylene was detected in only 5.06% of the samples analyzed. Chloroform was 
detected in almost all of the samples at levels later determined to be a background limit 
present in the laboratory. Therefore, only 11 of the samples show chloroform above 
background levels. Chloroform concentrations ranged between 0.34 and 0.68 (j.g/1 when 
detected in 6.96% of the samples collected. Carbon tetrachloride, BDCM/TCE, DBCM, 
DB, and bromoform were detected in less than 4% of the samples and at concentrations 
which may only exceed the detection limits by an order of magnitude. Table 5-2 shows 
the number and percentage of all samples in which analytes were detected and the con­
centration means and standard deviations for the ten analytes. 
Sample Types 
This section discusses the results in terms of the source (septic tank), background 
ground water, impacted ground water (plume), and soil zone water (lysimeters-partially 
treated effluent). Summaries of these data are in Tables 5-3 and 5-4, showing mean 
concentrations and the number and percentage of sample detects, respectively. The data 
was further divided between the different geologic regions, the west of Missoula high 
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Table 5-2 
Summary of Analyte Results 
Analytes 
Number 
of Samples 
with 
Detected 
Organics 
Percentage 
of Samples 
with 
Detected 
Organics 
MCL 
M-g/1 
Concen­
tration 
Mean 
Mg/l 
Concen­
tration 
Std. Dev. 
Mg/l 
1. Bromodichloro­
methane* 
5 3.17 100.00 0.079 0.063 
2. Bromoform 4 2.53 100.00 0.111 0.051 
3. Carbon 
Tetrachloride 
5 3.17 5 0.048 0.013 
4. Chloroform 11 7.00 100.00 0.453 0.111 
5. Dibromochloro-
methane 
3 1.90 100.00' 0.042 0.022 
6. l,2-dibromo-3 
-chloropropane 
23 14.56 0.20 0.570 0.787 
7. 1,2-Dibromoethane 1 0.63 5.00' 0.026 0.000 
8. Tetrachloroethylene 8 5.06 5.00 0.439 0.466 
9 1,1,1-Trihloro-
ethane 
7 4.43 200.00 0.180 0.049 
10. Trichloroethylene* 5 3.17 5.00 0.079 0.063 
Notes: 
(Statistical analysis based only on samples with detectable analytes, i.e., greater than 
three times the mean background concentration. Includes samples from septic tanks, 
lysimeters, and ground water.) 
* Chromatographically, bromodichloromethane and trichloroethylene coelute, 
having indistinguishable peaks because of their very similar retention times. The 
reported values, therefore, imply an "and/or" value to both analytes. 
1 MCL available for similar compounds, e.g. bromoform for DBCM and 1,2-
dichloroethane for 1,2-dibromoethane. 
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Table 5-3 
Mean Concentrations in pg/1 of Organic Analytes 
Organic 
Compound 
Septic 
Tanks 
(Mg/l) 
Frenchtown 
Ground Water 
Plume 
(Mg/l) 
Frenchtown 
Background 
Ground 
Water 
(Mg/l) 
Missoula 
Ground 
Water 
Plume 
(Mg/l) 
Missoula 
Background 
Ground 
Water 
(Mg/l) 
Chlor 0.2171 0.192 0.249 0.164 0.164 
C13Eth 0.062 0.056 0.056 0.075 0.128 
Crbnt 0.019 0.018 0.018 0.021 0.018 
BDCM/TCE 0.012 0.011 0.011 0.029 0.011 
DBCM 0.007 0.007 0.007 0.009 0.007 
DBE 0.012 0.024 0.012 0.012 0.012 
Perc 0.156 0.088 0.088 0.097 0.106 
Brom 0.019 0.013 0.013 0.022 0.020 
DBCP 0.378 0.008 0.008 0.010 0.008 
Values determined based on data in Appendix A. One half of the Detection Limit was 
used in place of "<det. limit" values for calculating mean concentrations. Many of the 
calculated means are based on a limited number of values above detection limits and the 
majority below detection limits. 
1 (Example) Mean value based on 29 values of 0.164 (half of the detection limit) 
and 5 values above detection limits. Chloroform detections limits were high due 
to background contamination in lab blanks. 
energy fluvial deposits, and the Frenchtown site dominated by fine lacustrine deposits 
overlain by lower energy fluvial deposits. 
Table 5-4 
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Number and Percentage of Samples with Detected Organics 
Organic 
Compound 
Septic 
Tanks-No. 
of Samples 
(% of samples) 
Frenchtown 
Ground 
Water 
Plume 
Frenchtown 
Background 
Ground Water 
Missoula 
Ground 
Water 
Plume 
Missoula 
Background 
Ground 
Water 
Chlor 5 2 (13.3%) 1 (25.0%) 0 0 
C13Eth 2 (5.9%) 0 0 2 (12.5%) 3 (75.0%) 
Crbnt 1 (2.9%) 0 0 1 (6.3%) 0 
BDCM/TCE 1 (2.9%) 0 0 3 (18.8%) 0 
DBCM 0 0 0 1 (6.3%) 0 
DBE 1 (2.9%) 0 0 0 0 
Perc 4 (11.8%) 0 0 1 (6.3%) 1 (25.0%) 
Brom 2 (5.9%) 0 0 1 (6.3%) 0 
DBCP 16 (47.1%) 0 0 1 (6.3%) 0 
1 Number of samples with detectable organic compound (percentage of samples with 
detectable organic concentrations in parenthesis) 
Figure 5-30 graphically displays the mean concentrations in fj.g/1 of all the organic 
constituents for each sample type given in Table 5-3. The mean concentrations for each 
analyte are plotted in a bar graph, grouped by sample types, but separating Frenchtown 
data from Missoula data (Figure 5-30). If the concentration for any of the sample 
analytes is "< det. limits", then a value equal to one half of the detection limit was used in 
calculating the mean. Evaluation of detection limits also shows that most of the mean 
concentrations of the organic compounds were below these limits. DBCP was the only 
compound detected whose mean was at levels well above the detection limits. The mean 
background concentrations in Frenchtown are all less than the detection limits. Only one 
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Figure 5-30: Mean organic analyte concentrations for each sample type 
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value in the Frenchtown background ground water was detected above detection limits 
for chloroform, 0.504 fj.g/1 (Table 5-3, Appendix H). Mean background concentrations in 
the Missoula Valley are slightly higher than at the Frenchtown site for 1,1,1-
trichloroethane and perchloroethylene. Only the mean concentration of 1,1,1-
trichloroethane for Missoula background ground water is above detection limits. This 
indicates that the background ground water in the Missoula Valley has elevated 
concentrations of 1,1,1-trichloroethane, and that septic tanks are probably not the source. 
The mean concentrations for the other organic analytes are below detection limits (Figure 
5-30 and Table 5-3). Mean concentrations of DBCP and perchloroethylene from septic 
tank samples were significantly higher than the other sample types, indicating that septic 
effluent may be a possible source of these compounds in ground water. 
Weighted average concentrations were also calculated to determine sources of the 
organics (Figure 5-31). Regardless of site locations, all samples were designated as either 
background ground water, impacted ground water, lysimeters, or septic tanks. Therefore, 
background ground water from each of the sites (Frenchtown, Missoula north, and Missoula 
south) are all grouped together. Similarly, all samples (Frenchtown, Missoula north, and 
Missoula south) collected from the plume are grouped together. The weighted averages were 
determined by summing the concentrations of only the samples with detectable 
concentrations and dividing by the total number of detectable samples collected within that 
sample classification (ground water, impacted ground water, lysimeters, and septic tanks). 
By computing the weighted averages in this fashion, the sample types with few samples 
(background ground water) would not be statistically penalized by skewing the mean because 
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of too few data points 
The weighted average concentrations for each organic compound are presented as a 
percentage of the total concentration sum for each of the four broad sample types. Ninety-
eight percent of all DBCP detected was found in tank samples, and 2% in lysimeters, indicat­
ing that septic tanks are a source of DBCP. Similarly, DBE was detected in only the septic 
tanks, but only one sample had detectable concentrations. Bromoform was not detected in 
the background ground water but evenly distributed throughout the tank, lysimeter, and im­
pacted ground water samples. Perchloroethylene was mostly detected in the tank samples 
(69%), and in the background ground water (17.5%), with the remaining perchloroethylene 
divided evenly between the other two categories. DCM was evenly distributed between only 
the impacted ground water and lysimeters, with no detectable concentrations found in the 
background ground water or the septic tanks. This may be due to the lack of detectable 
concentrations in the tank and background ground water, and is primarily an artifact of only 
three of the samples having detectable concentrations of DCM. Almost all of the 
BDCM/TCE detected, 91%, was from impacted ground water with the rest coming from 
septic tanks. Similarly, only a small percentage of 1,1,1-trichloroethane was detected in the 
tanks (11%), while 17% was found in the plume or impacted ground water, and 72% of the 
1,1,1-trichloroethane was found in background ground water. Carbon tetrachloride was 
found in all but the background ground water; 40% each for impacted ground water and 
lysimeter samples, and 20% from the tank group. Chloroform was found in all of the sample 
groups - 43% in the tank, 31% in background ground water and 12% and 13% in the 
lysimeter and impacted ground water sample groups, respectively. 
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The Frenchtown, Missoula North, and Missoula South sites were sampled for both 
inorganic and organic chemistry in April, May and June of 1994. Figures 5-32, 5-33 and 5-
34 show scatter plots of total nitrogen concentration vs. organic compound concentration. 
These plots show no apparent relationship between any of the organic compounds and total 
nitrate-N concentrations. 
The septic tank at the Frenchtown site contains detectable quantities of chloroform, 
BDCM/TCE, perchloroethylene, and bromoform (Figure 5-32). Chloroform was the only 
compound detected in the impacted ground water, while none of the analytes were detected 
in the background ground water. 
The Missoula north site showed many detectable concentrations of several of the 
analytes (1,1,1-trichloroethane, perchloroethylene, and BDCM/TCE) for the background 
ground water (Figure 5-33). Several analytes were also detected in the impacted ground 
water including DBCP, DCM, carbon tetrachloride, BDCM/TCE and 1,1,1-trichloroethane. 
Concentrations were generally lower in the impacted ground water than the background 
ground water. The tank sample showed detectable concentrations only for chloroform. 
The Missoula south site plot shows detectable bromoform in both the impacted and 
background ground water (Figure 5-34). The tank sample showed detectable concentrations 
of DBCP. No other detectable compounds were found at the south site. 
For the Missoula sites, plume organic concentrations are slightly greater than back­
ground concentrations for carbon tetrachloride, BDCM/TCE, DCM, perchloroethylene, 
bromoform, and DBCP (Figures 5-33 and 5-34). Plume concentrations are similar to back­
ground for the other analytes. However, ground water samples from the plume at the 
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Missoula sites are still just barely above detection limits for most of the analytes. The 
number of samples with detectable concentrations for all of the compounds is less than 19% 
(Table 5-4). Missoula background ground water concentrations for 1,1,1-trichloroethane are 
higher than the plume or even the septic tank sample concentrations. 
Most of the detected 1,1,1-trichloroethane came from samples obtained at the 
Missoula north site (Figures 5-31 and 5-33). Background ground water samples had 
concentrations of 1,1,1-trichloroethane ranging from 0.123 to 0.268 |ag/l, while the septic 
tank and lysimeter samples were below detection limits (<0.113). This strongly indicates 
that this particular septic system is not a source of 1,1,1 -trichloroethane, and that background 
concentrations within the ground water are elevated. This may be due to cumulative effects 
of septic systems or, more likely, other anthropogenic sources such as dry cleaners, photo 
labs, automotive garages, etc. These concentrations are still 1000 times less than the drink­
ing water standard of 200.0 (j.g/1. 
Septic Tank Results 
Mean chloroform values for septic tank concentrations are just above background at 
0.36 jug/1. Perchloroethylene was detected at a mean concentration of 0.23 (o.g/1 in 11.8% of 
the septic tank samples. Two septic tank samples (2T1 and 2T8) also showed concentrations 
of 1,1,1-trichloroethane, both at 0.16 jj.g/1. DBCP was detected in 47.1% of the septic tank 
samples at a mean concentration of 0.39 jj.g/1. DBCP was detected in five tank samples at 
concentrations exceeding 1 jj.g/1, with the highest being 2.2 (xg/1 in sample 2T1. That same 
sample had the highest perchloroethylene value, 1.61 ug/l. All of the other organic 
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compounds were detected in less than 6% of the septic tank samples and at concentrations 
slightly above detection limits. 
A plot of chloride concentration vs. organic concentration for all of the septic tanks 
sampled (including samples in the Rattlesnake area and Spurgin Road) for both inorganic and 
organic analyses (Figures 5-35) shows no correlation between chloride concentration and 
organic compound concentrations. The two higher values for chloride concentration 
correspond to the septic tank sample 1T1 at the Missoula north site, where the presence of 
a water softener increased chloride concentrations. 
Tracer Test Results 
Ground Water Tracer Test 
Results of the ground water bromide tracer test are given in Table 5-5 for monitoring 
wells 2M9 and 2M10. Bromide was detected in wells 2M9,2M10 and their respective multi­
level sampling ports. 
The bromide plume resulting from the ground water tracer test extends 30 feet down-
gradient of the septic tank after 2.5 days (Figure 5-36). Within the drain field, bromide con­
centrations at 2.5 days at well 2M9 were 16.53 mg/l and 0.93 mg/l at well 2M10. The bro­
mide slug quickly diluted from 110.08 mg/l at 0.88 days in well 2M9 to below detection lim­
its (0.30 mg/l) after 9 days. Figures 5-37, 5-38, and 5-39 show the breakthrough curves of 
wells 2M9, and 2M10, and a type matching curve for peclet number determination, 
respectively. 
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Table 5-5 
Ground Water Tracer Test Bromide Concentrations 
Bromide Concentrations for Wells 2M9, and 2M10 
TIME1 
DAYS 
2M9 2M91 2M92 2M93 2M94 2M10 2M101 2M102 
0.125 <0.30 <0.30 <0.30 6.32 432.6 <0.30 <0.30 <0.30 
0.250 NA <0.30 2.99 328.0 <0.30 <0.30 <0.30 
0.882 109.9 141.3 NA NA NA <0.30 NA NA 
1.194 78.95 99.59 79.98 51.56 NA <0.30 <0.30 <0.30 
1.917 41.13 25.79 24.18 971 NA <0.30 <0.30 NA 
2.302 23.38 15.61 16.63 5.95 NA <0.03 <0.30 <0.30 
2.500 16.53 5.79 8.21 3.81 NA 0.93 <0.30 <0.30 
3.333 9.91 7.09 5.90 3.01 NA 0.67 <0.30 <0.30 
3.969 6.17 2.77 3.95 2.44 NA <0.03 <0.30 <0.30 
4.583 2.37 1.70 2.64 1.74 NA 0.67 <0.30 <0.30 
6.958 2.89 0.82 1.57 1.30 NA 0.46 <0.30 <0.30 
9.00 <0.30 0.63 0.97 0.80 NA 0.53 <0.30 <0.30 
10.50 NA 0.55 0.64 0.74 NA 0.39 <0.30 <0.30 
17.00 NA 0.40 0.46 0.66 NA <0.30 0.40 0.46 
25.0 NA <0.30 <0.03 0.47 NA <0.30 0.43 <0.30 
28.0 NA <0.30 <0.30 0.42 NA <0.30 <0.30 <0.30 
32.0 NA <0.30 <0.30 0.39 NA NA NA NA 
45.0 NA <0.30 <0.30 <0.03 NA NA NA NA 
63.0 NA <0.30 <0.30 <0.30 NA NA NA NA 
Notes: 
Concentration of bromide in mg/l during the ground water tracer test for selected wells, 2M9 
and 2M10, and their respective multi-level sampling ports. Well 2M9 was 
1 Elapsed time in days from start of tracer test 
NA Not analyzed 
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Figure 5-39: Breakthrough curves and respective peciet numbers 
Source: Fetter, 1993 
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Table 5-6 shows peciet number ranges and the median values necessary to solve for 
longitudinal dispersivity. 
Well 2M10 hit its peak concentration of 0.93 mg/l at 2.95 days. The shallower multi­
level sampling ports at this well location did not reach their peak concentrations until 17 days 
after initiating the tracer test. The breakthrough curves for well 2M94 quickly dropped off 
to zero because it was above the water table prior to the tracer test. Only one sample was ob­
tained at this well with a concentration of432.64 mg/l at 0.13 days. Well 2M93 reached its 
peak concentration of 336.18 jj.g/1 at 0.25 days and declined at a slightly lower rate than wells 
2M92, 2M91. This was most likely due to the concentration differences and resulting 
differences in density in the initial slug. The more dense and more concentrated initial slug 
flowed to the deeper wells and then quickly diluted because of the larger volume of 
background water. Well 2M93 is bounded by the water table and the lower well of 2M92, 
which had high bromide concentrations, whereas well 2M91 is the deepest, and was mixing 
with lower concentration background water resulting in quicker dilution due to larger 
concentration gradients. 
Table 5-6 summarizes the aquifer parameters and dispersivity calculations based on 
the ground water tracer test results. The resulting hydraulic conductivity was determined to 
be about 355 ft/day and resulting longitudinal dispersion coefficient of about 0.1. 
Table 5.7: Calculations for hydraulic conductivity and 
longitudinal dispersivity from tracer test 
CALCULATIONS FOR DETERMINING HYDRAULIC CONDUCTIVITY AND LONGITUDINAL 
DISPERSIVITY FROM BROMIDE TRACER TEST 
WELL tmax L Vx n(eff) dh/dl K Pe MEDIAN DL 
days feet ft/day ft/day RANGE Pe ftA2/day Long. Disp. 
2M10 2.95 21.00 7.12 0.20 0.00 356.17 1-20 10.00 14 96 2.10 
2M9 088  1.75 1.98 0.20 0.00 99.21 3-5 4.00 0.87 0.44 
2M91 0.68 1.75 2.00 0.20 0.00 99.89 5-10 8.00 0.44 0.22 
2M92 1.19 1.75 1 47 0.20 0.00 73.47 10-20 15.00 0.17 0.12 
2M93 0.25 1.75 7.09 0.20 0.00 354.25 10-20 15.00 0.83 0.12 
Vx value for well 2M92 Is not reliable because data from one sampling lime Is not available, 
tmax must of occured sooner than 1.191 days, because of its elevation above 2m91 
Lower values of Vx and K for wells 2M9 and 2M91 reflect slower vertical travel because of 
their lower elevation than wells 2M93 and 2M92, or tmax may have occured sooner than the 
time recorded. A lower tmax value for wells 2M9, 2M91 and 2M92 would give higher Vx and K 
values, possibly as high wells 2M10 and 2M93, where Vx=7.12 and 7.09 ft/day and Ks 356.17 
and K=356.17 and 354.25 ft/day, respectively. 
tmax lime when maximum concentration occured 
L flow length in the x direction between source and sampling point 
Vx velocity of groundwater flow In the x direction Vx=L/tmax 
n(eff) estimated effective porosity of the heterogeneous alluvial aquifer 
dh/dl hydraulic gradient 
K hydraulic conductivity K=(Vx*n(eff))/(dh/dl) 
Pe range of peciet numbers from matching with type curves 
Median Pe median peciet value 
DL longitudinal dispersion coefficient DL=(Vx'L)/Pe 
long. disp. longitudinal dispersivily long. disp.=DL/Vx 
Septic Tank Tracer Test 
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Inorganic Results 
Results of the septic tank tracer test are given in Table 5-7 for the septic tank (2T1) 
and lysimeters (2L1, 2L2, and 2L3). Bromide was detected in the septic tank 2T1 at a 
concentration of 6.66 mg/l after 0.03 days, and continued to be detected for 32 days. Con­
centrations within the tank were as high as 167.36 mg/l after 1.24 days. 
A concentration vs. time plot for the septic tank and the lysimeters shows that either 
the bromide tracer did not reach the ground water within the time of the tracer test, 64 days, 
or more likely, that it was diluted to below detectable limits (Figure 5-40). The samples from 
the deepest lysimeter, 2L2 at 8.5 ft., exhibited no bromide concentrations above detection 
limits. It does not appear that any part of the multi-level monitoring well 2M9, located under 
the drainfield beneath, contain a second detectable pulse of bromide from the septic tank 
tracer released into the tank. 
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Table 5-7 
Septic Tank Tracer Bromide Concentrations 
Approximate 
Time1 
(days) 
2T1 
mg/l Bromide 
(exact2 time, 
days) 
2L1 
mg/l Bromide 
(exact time, 
days) 
2L2 
mg/l Bromide 
(exact time, 
days) 
2L3 
mg/l Bromide 
(exact time, 
days) 
0.00* <0.30 NA NA NA 
0.03* 6.66 NA NA NA 
0.05* 5.77 NA NA NA 
0.06* 12.86 NA NA NA 
0.09* 13.62 NA NA NA 
0.125 16.84 (0.11)2 NA NA NA 
0.17* 17.51 NA NA NA 
0.24* 31.11 NA NA NA 
0.250 27.84 (0.36) <0.30 (0.36) <0.30 (0.36) <0.30 (0.36) 
0.882 161.78 (1.04) <0.30 (1.00) <0.30 (1.01) NA 
1.194 167.36 (1.24) <0.30 (1.23) <0.30 (1.23) <0.30 (1.23) 
1.917 110.5 6,632.33 <0.30 31.31 
2.302 97.9 <0.30 <0.30 54.66 
2.500 88.42 <0.30 <0.30 60.15 
3.333 75.57 <0.30 <0.30 63.03 
3.969 83.66 0.55 <0.30 63.06 
4.583 49.63 4.00 <0.30 67.16 
6.958 34.12 59.1 <0.30 64.62 
9.00 25.62 12.18 <0.30 63.00 
10.50 15.50 14.47 <0.30 65.47 
15.0 NA 18.20 <0.30 44.88 
17.0 3.85 19.85 <0.30 41.15 
24.0 NA 18.26 <0.30 28.82 
25.0 0.89 18.20 <0.30 17.54 
32.0 0.58 16.39 <0.30 6.40 
45.0 <0.30 10.87 <0.30 1.67 
63.0 <0.30 9.49 <0.30 0.99 
64.0 NA 5.07 <0.30 0.53 
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Notes: 
Concentration of bromide in mg/l for septic tank 2T1 and lysimeters 2L1,2L2, and 2L3. 
1 Approximate elapsed time from beginning of both tracer tests (values with an 
asterisk* are exact times.) Approximate times are given in some cases to relate all 
samples obtained within a single sampling round. 
2 Exact times are given in parenthesis if they vary substantially from the approximate 
time. 
3 Extremely large value from lysimeter 2L1. Several possibilities have been ruled out, 
and it cannot be reasonably explained at this point. 
Organic Results 
No significant increases in 1,1,1-trichloroethane were detected in the septic tank or 
the lysimeters with the addition of the tank organic tracer. 1,1,1-trichloroethane con­
centrations for the septic tank (2T1) and lysimeters (2L1,2L2, and 2L3) vs. time are plotted 
in Figure 5-41, showing only one tank sample with detectable concentrations, 0.16 (j.g/1 at 
11 days after tracer initiation. 
Several reasons may explain why 1,1,1-trichloroethane was not detected in the tracer 
test: 
1) The Formby's mixture containing larger chain hydrocarbons designated as petroleum 
distillates is less soluble in water than the slightly soluble 1,1,1-trichloroethane. 
1,1,1-trichloroethane is more soluble in petroleum distillates and preferentially 
remains dissolved in the petroleum distillates. 
2) The effluent in the tank may not be mixing completely, but this would only affect the 
1,1,1-trichloroethane already dissolved. 
3) 1,1,1 -trichloroethane is a DNAPL and the petroleum distillates are LNAPL's, and the 
mixture of the two is still less dense than water, so that the undissolved portion may 
be floating at the top of the tank in the scum layer. 
4) Biodegradation of the 1,1,1 -trichloroethane into several smaller compounds such as 
chlorinated methanes, and C02. 
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Dechlorination of 1,1,1-trichloroethane into cis or trans-1,2-dichloroethane, (DCE) 
or ethylene chloride. 
Bromide Concentrations (mg/l) for Tank 
and Lysimeters vs. Time (days) 
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Figure 5-40: Breakthrough curves (Bromide concentration vs. time) for the septic 
tank and lysimeters 
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Figure 5-41: Breakthrough curves (1,1,1 -trichloroethane concentration vs. time) for 
the septic tank and lysimeters 
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Discussion 
EPA's report entitled "Water Related Fate of 129 Priority Pollutants (Callahan et al., 
1979), presents summaries of the aquatic fate of chloroform, carbon tetrachloride, 1,1,1-
trichloroethane, trichloroethylene, perchloroethylene, bromodichloromethane, 
dibromochloromethane, and bromoform. It concludes that volatilization is the main 
degradation process for these compounds. It also claims that sorption is not a significant 
process. Callahan et al. (1979) also conclude that photolysis, photo-oxidation, and 
hydrolysis either do not occur or occur too slowly to be considered significant. 
A study by the EPA indicates little removal of volatile organic compounds within a 
septic tank (DeWalle, 1985) occurs due to anaerobic degradation. Volatilization is the major 
transport process curbing many of the VOC's in the wastewater stream entering the drain 
field. Transport process refers to the mechanism or chemical reaction by which VOC's move 
from one media (water) to another (air, soil, biota). More permeable soils allow increased 
flow of oxygen facilitating volatilization. Volatilisation would be the most dominant 
transport process at both the Missoula sites 
Biodegradation is the most significant fate process according to the literature 
(DeWalle, 1985, Callahan et al, 1979). Therefore, the majority of the remaining VOC's in 
the wastewater stream (portion not volatilized) would eventually biodegrade into smaller 
VOC's. The amount of biodegradation will be less significant if soils are very permeable 
and have a low clay and organic carbon content, such as the Missoula North and South sites. 
At the Frenchtown site, the sandy vadose zone has a lower hydraulic conductivity, resulting 
I l l  
in effluent having a longer residence time in the vadose zone. Therefore, biodegradation has 
more time to occur. Due to the higher clay content and the associated slower percolation 
rates at the Frenchtown site, the concentrations of organic compounds within ground water 
from an individual septic tank should be lower than either of the Missoula sites. 
Sorption is a less significant factor, but soil with a higher clay or organic carbon con­
tent will slightly retard the flow. Sorption would not be as significant at either of the 
Missoula sites and would affect the Frenchtown and Seeley Lake sites more significantly. 
The product survey determined that few chlorinated or brominated organic 
compounds are present in household consumer products. The relatively low concentrations 
of halogenated organic compounds in the septic tanks confirm this. The organic tracer test 
shows that even if products contain these compounds, their transport through the septic 
system reduces the overall concentrations of the halogenated organic compounds reaching 
the ground water. The relatively low concentrations in the effluent plumes (impacted ground 
water) confirm this. Higher concentrations in the background ground water in the Missoula 
Valley west of Reserve St. indicate that the presence of measurable halogenated organic is 
most likely a result of some other source, such as automotive garages, dry cleaners, photo-
labs, and other small quantity sources. Once these compounds reach the water table they 
seem to persist for a long time and travel as quickly as the ground water, similarly to TCE 
(Barber et al., 1982). It is difficult to remediate problems from trace organic contamination 
resulting from septic systems because of the nature of the contaminant's entry into the 
ground water, which is sporadic in time, spatially inconsistent, and below detectable 
quantities. This makes traditional treatments of TCE and PCE, such as air stripping and 
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activated carbon treatment inappropriate and too costly for individual septic systems (Roberts 
et al., 1982). 
Noss (1988) surveyed ten northeastern states in 1985 for regulations concerning 
septic system cleaner use. Six of the states had adopted regulations banning the sale of septic 
system cleaners containing chlorinated aliphatic compounds. By limiting the availability of 
products containing chlorinated aliphatic compounds, the source of organic within septic 
systems is removed. Educating the public about the potential health threat of chlorinated 
hydrocarbons and promoting other alternatives is a simpler solution than remediation. By 
using septic tank cleaners of a biological nature, and limiting the use of other products 
containing chlorinated aliphatic compounds, the source of contamination can be eliminated. 
CHAPTER 6 
CONCLUSIONS 
The conclusions reached from this work are summarized as follows: 
1) Chloroform and 1,2-dibromo-3-chloropropane were detected in 7% and 14.5% of the 
total 121 samples, respectively. Less than 5% of the total 121 samples from septic 
tanks, lysimeters, and monitoring wells had detectable concentrations of carbon 
tetrachloride, trichloroethylene, perchloroethylene, 1,1,1 -trichloroethane, bromoform, 
1,2-dibromoethane, bromodichloromethane, or dibromochloromethane. 
2) Detected concentrations of all the organic analytes generally exceed the parts per 
billion detection limits by only one order of magnitude, having concentrations of less 
than 1 fj.g/1. The exception is l,2-dibromo-3-chloropropane, in which some tank 
samples had concentrations as high as 2.377 jj.g/1. All of detected concentrations in 
the total 121 samples were well below the MCL's for drinking water, which are 
between 5.0 and 200.0 jug/1, except for DBCP, which had several tank samples 
exceeding the MCL of 0.2 jj.g/1. 
3) The septic tanks contained 98% of the detected l,2-dibromo-3-chloropropane at 
mean concentrations of 0.378 ug/l. Sixty-nine percent of the detected 
perchloroethylene was found within tank samples at mean concentrations of 0.156 
Ug/l-
4) No distinguishable organic contaminated ground water plume generated by septic 
systems was found at the Frenchtown site. The septic effluent plume at the 
Frenchtown site had only two samples (13.33%) that contained detectable 
chloroform. All other ground water samples from the Frenchtown site exhibited 
concentrations of organic analytes below the detection limits. 
5) Septic system generated organic contamination found in ground water plumes in the 
Missoula Valley are hardly discernable from background ground water. Only 
bromodichloromethane/trichloroethylene had elevated mean concentrations above 
background ground water, 0.029 (ig/1 compared to 0.011 ug/l, respectively, in the 
plume area. 
6) Missoula background ground water has higher levels of 1,1,1-trichloroethane and 
perchloroethylene concentrations than Frenchtown background ground water. Three 
of four samples of background ground water from the Missoula sites contained 
detectable concentrations of 1,1,1-trichloroethane ranging from 0.123 to 0.240 fj.g/1. 
None of the four samples collected from Frenchtown background ground water 
contained detectable levels of 1,1,1-trichloroethane. Mean perchloroethylene 
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concentrations of background ground water are 0.102 (ig/1 in Missoula and 0.088 |_ig/l 
in Frenchtown. 
7) No significant correlation exists between levels of organic concentrations and 
inorganic indicators of septic system contamination of ground water. 
8) The ground water tracer test permitted calculations of the ground water velocity in 
the Frenchtown upper aquifer of 7.0 ft/day. An estimate of hydraulic conductivity 
is approximately 355 fit./day in the upper aquifer dominated by fluvial sequences. 
9) The organic tank tracer yielded no useable results regarding extent of treatment or 
rates of degradation. Only one tank sample contained detectable concentrations of 
1,1,1-trichloroethane; 0.157 jj.g/1,11 days after tracer test initiation. 
Most of the samples had undetectable levels of organics, less than one part per 
billion. Missoula Valley ground water generally had higher levels and higher percentages 
of detectable halogenated organics than ground water in Frenchtown. 1,1,1 -trichloroethane 
appears in the Missoula area ground water at slightly elevated concentrations compared to 
Frenchtown area ground water. Both of these observations indicate that other sources such 
as automotive garages, dry cleaners, surface spills, storm drain run-off, and other small 
quantity generators are responsible for the increased 1,1,1-trichloroethane levels. 
The halogenated organic compounds associated with septic systems sampled as part 
of this research do not seem to pose a significant health threat. With the exception of DBCP, 
the presence of halogenated aliphatics in the septic tanks sampled is not isolated to the septic 
tanks, nor are the concentrations within the septic tanks approaching drinking water 
standards (levels are 1 to 2 orders of magnitude lower than MCLs). 
It appears that any elevated concentrations of halogenated organic in ground water 
result from sources other than septic effluent, given the lack of any significant organic 
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plumes generated by any of the three instrumented septic systems. The lack of halogenated 
organic compounds in ground water may be attributed to: 
1) the absence or very low concentrations of halogenated organic compounds within the 
septic tank (at the source), and 
2) the degradation or removal of detectable organic from septic systems. The septic 
tank samples with detectable analyte concentrations have lower or non detectable 
concentrations within the ground water, both beneath and immediately down-gradient 
of the drain fields. 
Even if the septic tanks had much higher concentrations of organic compounds, it 
would be difficult to predict the extent of treatment of chlorinated aliphatic compounds based 
on the results seen in this research. The potential threat of ground water contamination from 
halogenated organic compounds associated with septic systems is still undefined. 
CHAPTER 7 
RECOMMENDATIONS 
One recommendation for the abatement of the halogenated organic compounds 
associated with septic system effluent is to eliminate the source by removing the compounds 
from commercial products. The strict water quality laws within the Missoula Valley along 
with consumer awareness have worked simultaneously to replace halogenated organic 
compounds with "environmentally friendly" compounds, such as less toxic caustics (strong 
acids and bases), and more biodegradable enzymes. 
Several recommendations for future study would be to: 
1) sample a large number of septic tanks at one time, 
2) analyze for a broader spectrum of organic compounds, or 
3) increase frequency of sampling in a single tank. 
Sampling many tanks will provide a more complete picture as to the differing types 
and concentrations of organic compounds in septic system effluent. Plots of the gas 
chromatographer (GC) analysis of the septic tank samples showed more peaks than ground 
water samples, indicating the presence of additional organic compounds within the septic 
tanks. 
Because of the sporadic nature of product use (weekly, monthly, etc.), more frequent 
sampling of a single septic tank better describes organic product loading. Woessner et al. 
(1996) show that the release of septic effluent is slug-like in nature and not continuous. 
Since residence times of most dissolved constituents within septic tanks are about 24 hours 
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(Canter and Knox, 1985), short term variations in organic compound concentrations may be 
perceived as the absence of organic compounds over a given time period. 
Further organic tracer tests should use an organic compound that is more soluble or 
that is not mixed with an immiscible compound such as petroleum distillates. Within the 
laboratory, dilutions of the "Formby's" tracer in a methanol-water mixture did not show any 
1,1,1-trichloroethane when analyzed due to interference of the petroleum distillates, which 
adsorbed onto the GC column and gave erroneous peaks. 
The only publication found to date of an organic tracer through a septic system was 
performed with 1,2-dichlorobenzene (Robertson, 1994). This paper provided a good 
example of an organic tracer test run concurrently with an inorganic tracer, LiBr. This study 
was published while this research was in progress. My choices of organic tracers were 
already limited by my analytical approach. 
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APPENDIX A-l 
DISCUSSION OF QUALITY CONTROL AND ASSURANCE 
FOR ORGANIC ANALYSIS 
Table A-l summarizes the results of the QA/QC applied to the detection of the 
selected analytes using EPA Method 551. Table A-2 shows the accuracy of detection at 
concentrations of 0.2 fj.g/1 for all of the analytes. Accuracy will decrease as detected 
concentrations approach and go below 0.2 ^ig/1, i.e., the margin of error increases as you 
approach the detection limits. A recovery analysis was not performed at lower 
concentrations. Detection limits for brominated compounds are low, between 0.27 and 0.15 
jj.g/1, due to the lack of bromine contamination in the lab blanks. The detection limits for 
chloroform are higher, 0.328 fo.g/1, indicating slight contamination in the method. 
A recovery analysis was performed to determine repeatability in the sample 
preparation technique for each analyte and the internal standard (Appendix A-2). Six 
replicate analyses of fortified reagent water were performed with an analyte concentration 
of 0.2 |ag/l and internal standard (INT) concentration of 0.22 jj.g/1. The relative standard 
deviation of percent recovery must be less than 30%. All of the analytes had a percent 
relative standard deviation (%RSD) less than 13.3%. Results are shown in Table A-2. 
Two initial calibrations were performed on 5/1/94 and 5/31/94 using four point 
calibrations (refer to Appendix A.3). The first spanned the range of concentrations of 1.75 
to 14.0 fo.g/1 for the ten analytes and a range of 1.925 jj.g/1 to 15.4 fig/1 for the internal 
standard. The second calibration concentration spanned the range of 0.45 to 3.5 fj.g/1 for the 
analytes and 0.495 to 3.85 fj.g/1 for the internal standard. Both internal and external cali­
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bration calculations were performed on the four point calibrations to assess the validity of 
Table A-l 
Summary of Quality Control and Quality Assurance 
Procedures for Organic Analyses 
ANALYTES SUMMARY QA/QC COMMENTS 
Bromodichloromethane Coelutes with TCE. 
Bromoform High % recovery. 
Carbon Tetrachloride Low % recovery. High %RSD in recovery 
(+/-13.3%) 
Chloroform Low % recovery. High background conc. Poor 
detection limits. 
Dibromochloromethane 
1,2-Dibromo-3-Chloropropane High % recovery. 
1,2-Dibromoethane 
T etrachloroethy lene High background conc. Poor detection limits. 
1,1,1 -Trichloroethane High %RSD in recovery (+/-11.9%) High back­
ground concentration. Poor detection limits. 
T richloroethy lene Coelutes with BDCM. 
INTERNAL STANDARD 
1,1 -Dichloro-2-Propanone Unreliable due to matrix complexation. Samples 
will be quantified with external standards. 
the two methods. Response factors (R) (Appendices A-4 and A-5) were determined for each 
analyte based on the internal standard, l,l-dichloro-2-propanone, using the following 
equation: 
R=(As*Cis)/(Ais*Cs) 
where A = Area of the sample 
Cjs= Concentration of the internal standard 
Ais= Area of the internal standard 
Cs= Concentration of the sample 
Table A-2 
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Detection Limits 
Analytes Accuracy 
Analysis 
/IWeBiBD fro 
Recovery 
rOtedDetayti )£RArfi&tIp^/l) 
551-Best 
Detection 
Limits (ng/1) 
1. Bromodichloromethane* 5.28 114.39 0.022 0.006 
2. Bromoform 3.43 138.32 0.027 0.012 
3. Carbon Tetrachloride 13.28 55.85 0.036 0.004 
4. Chloroform 8.46 67.33 0.328 0.002 
5. Dibromochloromethane 4.24 120.77 0.015 0.012 
6. l,2-dibromo-3-chloropropane 3.31 149.62 0.016 0.009 
7. 1,2-Dibromomethane 3.51 110.38 0.024 0.006 
8. Tetrachloroethylene 10.48 75.41 0.176 0.004 
9. 1,1,1-Trichloroethane 11.86 76.75 0.113 0.008 
10. Trichloroethylene* 5.28 114.39 0.022 0.002 
Internal Standard 
11. 1,1 -Dichloro-2-Propanone 0.01 110.02 0.009 0.005 
Chromatographically Bromodichloromethane and Trichloroethylene coelute. In other 
words, they have indistinguishable peaks because of their very similar retention 
times. The reported values, therefore, imply an "and/or" value to both analytes. 
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Response factors were also determined for each analyte based on external standards 
(Appendices A-4 and A-6) using the following equation: 
R= (As/Cs)*(ATT/4) 
where ATT is the attenuation factor standardized to an attenuation of 4. The mean, standard 
deviation, and %RSD of the response factors (R) were determined for both calibration runs 
(Appendix A-l). Another statistical analysis was performed using only the 3 higher 
concentration standards for each of the calibration runs. Results of the second statistical 
analysis varied substantially for l,l-dichloro-2-propanone for the internal standard 
calibration of both 4-point calibration runs. This implies that the response of the GC-ECD 
to 1,1-dichloropropanone is somewhat poor at concentrations < 1.925 fj.g/1. The %RSD 
should be <10% for each analyte and the internal standard. The %RSD was substantially 
greater than 10% for chloroform, ranging from 24.6 to 36.0% for the four different cali­
bration analyses (two different concentration ranges, each analyzed both by internal and ex­
ternal standards). This may indicate chloroform contamination of the samples and 
calibrations. Calculations based on an external standard calibration for the first 4-point 
calibration run were similar. All of the other analytes had a %RSD less than 10%. 
The second 4-point calibration had similar results, with chloroform again exhibiting 
a %RSD over 30%. Carbon tetrachloride had a %RSD of 16.08 and DBCP had a 10.93% 
RSD. The balance of the analytes and the internal standard were below 10% RSD. These 
results were based on the statistical analysis of only 3 of the 4 concentrations, because the 
peak area response did not vary greatly for all of the analytes between concentrations of 0.45 
to 0.9 (ig/1. This implies that the margin of error at lower concentrations (< 0.5 |ig/l) greatly 
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increases. 
Calibration checks were performed each day of analyses or within one day if many 
analyses were performed over several days (Appendices A-4, A-5 and A-6). Response 
factors (R) of each analyte for each calibration run were determined by both internal and 
external standard calibrations to see how the response to the analytes and internal standard 
varies over time (Appendices A-5 and A-6). Response factors increased, i.e. sensitivity 
increased, for the months of May and June. During these months the attenuation was at 16 
for most of the analyses, whereas an attenuation of 4 was used for the rest of the sampling 
period. This was a result of cleaning the anode on the detector. 
The R of the internal standard calibrated single-point calibrations were compared 
(Appendix A-7) with the initial 4-point calibration mean response factors and with the R of 
the 0.45 fa.g/1 calibration run to quantify deviations in detector response over the entire anal­
yses period. At the calibration concentrations of 0.45 (j.g/1, the %RSD of internally calibrated 
R averages between 20% and 70% for all but bromoform and DBCP, which have %RSD 
ranges of 60-130% and 100-170%, respectively. These deviations may seem high, but when 
dealing with trace level organic compounds, this does not even amount to an order of 
magnitude change in concentration. For example, a 100% RSD will give a concentration of 
0.1 [j.g/1 instead of 0.2 jj.g/1. 
An assessment of the internal standard showed that it was unreliable for most of the 
tank samples and many of the lysimeter samples (Appendix A-8). This may be due to matrix 
complexation, or because the hydrophobic organic compounds are adsorbing onto lipids 
within the sample (viruses, bacteria, DOC). If the %RSD is greater than 30%, then the 
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sample was considered suspect. Calculations of sample concentrations were determined by 
external standards because of the unreliability of the internal standard. 
Sample peak areas are shown in Appendix A-9. Sample concentrations (Cs) are 
determined by: 
C=(Ces/Aes)*As 
where C = Concentration of the sample 
As= Area of the sample 
Ces= Concentration of the external standard 
Aes= Area of the external standard 
The analyte concentrations for all the samples are corrected for differences in the 
sample volume by: 
C=CS*(35/VS) 
where Cc= Concentration corrected for sample volume 
Vs= Volume of sample 
The actual concentrations (Ca) (Appendices A-10 and A-l 1) of the samples are determined 
by subtracting the mean background concentrations (Cb), determined from the lab blanks 
(Appendix A.-2), from the corrected concentrations (Cc) by: 
C=Cc-Cb 
The detection limits (Appendix A-l3) were determined by multiplying 3 times the area 
of the mean background response detected in the laboratory blanks, and then multiplying by 
the mean ratio of concentration to area response determined from all of the 1-point calibra­
tion checks. If the actual concentration does not exceed the detection limits then "<detection 
limit" is shown for that analyte in Appendix A-l3. 
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Calculations based on Absolute Standards Set 1 
( ' 
% Recovery Data - 6 Replicate Analyses of Fortified Reagent Water 
Prepared and Analyzed May 3,4 1994 
Mean Relative Relative 
True Measured Accuracy Standard 
Conc. Conc. (Recovery) Deviation 
ug/L ug/L % % 
Chloroform 0.20 0.13 67.3 8.5 
1,1»1-T richloroethane 0.20 0.15 76.7 11.9 
Carbon Tetrachloride 0.20 0.11 55.8 13.3 
Bromodichloromethane/ 0.20 0.23 114.3 5.3 
T richloroethylene coelutes with Bromodichloromethane 
Dibromochloromethane 0.20 0.24 120.7 4.2 
1,2-Dibromoethane 0.20 0.22 110.3 3.5 
T etrachloroethylene 0.20 0.15 75.3 10.8 
Bromoform 0.20 0.28 138.3 3.4 
l^-Dibromo-3-chloropropa 0.20 0.30 149.6 J.J 
1,1-Dichoropropanone (IS) 0.22 0.22 100.0 0.0 
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Calculations based on Absolute Standards Set 1 
% Recovery (Measured Cs / True Cs) * 100 
Chlor C13Eth Crbnt BD/TCE INT DBCM DBE PERC Brom DBCP 
Stud 1 64.3 68.1 45.9 114.0 110.0 122.0 111.2 67.8 138.9 150.0 
Stnd 2 73.6 85.1 62.3 120.8 110.0 125.6 112.0 80.6 140.8 154.6 
Stnd 3 76.8 91.9 67.7 124.0 110.0 128.8 117.6 90.4 147.2 155.7 
Stnd 4 63.6 74.4 542 109.7 110.0 116.1 107.7 73.1 134.7 141.0 
Stnd 5 62.9 74.9 56.0 110.5 110.0 116.8 107.7 74.4 134.9 150.1 
Stnd 6 62.7 66.1 49.0 107.4 110.0 115.3 106.0 66.2 133.4 146.3 
% R 67.33 76.75 55.85 114.39 110.02 120.77 110.38 75.41 138.32 149.62 
STD 5.69 9.10 7.42 6.04 0.01 5.12 3.87 8.18 4.74 4.96 
%RSD 8.46 11.86 13.28 5.28 0.01 4.24 3.51 10.84 3.43 3.31 
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Calculations based on Absolute Standards Set 1 
% RECOVERY 
PEAK AREA 
Chlor C13Eth Crbnt BD/TCE INT DBCM DBE PERC Brom DBCP 
Stnd 1 318 811 1558 2852 15 56 1962 890 1431 859 1225 
Stnd 2 350 975 2032 2905 1496 1941 862 1636 837 1214 
Stnd 3 356 1025 2150 2907 1458 1941 882 1787 853 1191 
Stnd 4 314 885 1835 2742 1554 1864 861 1541 832 1150 
Stnd 5 341 979 2083 3033 1707 2060 945 1721 915 1344 
Stnd 6 318 807 1703 2756 1596 1902 870 1432 846 1225 
RF avg 
0.35 0.84 2.40 1.77 1.00 1.14 0.57 1.49 0.44 0.58 
True Concentrations 
Cs Cis 
Stnd 1 0.1997 0.2197 
Stnd 2 0.1998 0.2198 
Stnd 3 0.1955 0.2151 
Stnd 4 0.2047 0.2252 
Stnd 5 0.2025 0.2228 
Stnd 6 0.2018 0.2220 
Avg Cs 0.20067 0.22077 
Measured Cs {Cs = (As * Cis) / (Ais * RF)} 
Chlor CDEth Crbnt BD/TCE INT DBCM DBE PERC Brom DBCP 
Stnd 1 0.12844 0.13599 0.09175 0.22762 0.2197 0.24369 0.22212 0.13543 0.27741 0.29962 
Stnd 2 0.1471 0.17013 0.12452 0.24126 0.2198 0.25086 0.22386 0.16112 0.28127 0.30898 
Stnd 3 0.15024 0.17959 0.1323 0.24242 0.2151 0.2519 023 0.17671 0.28783 0.30437 
Stnd 4 0.13017 0.15231 0.11091 0.22461 0.2252 0.23762 0.22054 0.14969 0.27577 0.28869 
Stnd 5 0.12732 0.15175 0.1134 0.22377 0.2228 0.23652 0.21801 0.15056 0.27315 0.30387 
Stnd 6 0.12653 0.13331 0.0988 0.21669 0.222 0.23273 0.2139 0.13351 0.26915 0.29517 
AvgCs 0.13 0.15 0.11 0.23 0.22 024 0.22 0.15 0.28 0.30 
INTERNAL CALIBRATION 
DETERMINES RESPONSE FACTORS FOR THE TEN ANALYTES BASED ON THE RESPONSE OF 
THE INTERNAL STANDARD (1,1-DICHLOROPROPANONE) 
CALIBRATION DATE 5/1/94 
551 INT PEAK AREAS 
DATE CONC. CONC. ATTEN 
SAMPLE ANALYZED (ug/i) (ug/l) FACTOR CHLOR CL3ETH CARB TET BDCM/TCE INT DBCM DBE PERC BROM DBCP 
STN1B 05/01 1.75 1.925 4 368 850 1954 1589 1013 1020 425 1371 393 526 
STN2A 05/01 3.5 3.85 4 368 1159 3578 2538 1459 1654 934 2140 619 827 
STN3A 05/01 7 7.7 4 1233 2253 6974 4968 3023 3149 1608 4122 1200 1534 
STN4A 05/01 14 15.4 4 1505 4149 12329 8998 6073 5779 2828 7539 2312 3071 
RESPO NSE FAC1 roRS RF=(As*Cis)/(Ais*Cs) 
CHLOR CL3ETH CARB TET BDCM/TCE INT DBCM DBE PERC BROM DBCP 
STN1B 05/01 1.75 1.925 4 0.40 0.92 2.12 1.73 1.00 1.11 0.46 1.49 0.43 0.57 
STN2A 05/01 3.5 3.85 4 0.28 0.87 2.70 1.91 1.00 1.25 0.70 1.61 0.47 0.62 
STN3A 05/01 7 7.7 4 0.45 0.82 2.54 1.81 1.00 1.15 0.59 1.50 0.44 0.56 
STN4A 05/01 14 15.4 4 0.27 0.75 2.23 1.63 1.00 1.05 0.51 1.37 0.42 0.56 
AVG RF 0.35 0.84 2.40 1.77 1.00 1.14 0.57 1.49 0.44 0.58 
STD RF 0.08 0.06 0.23 0.10 0.00 0.07 0.09 0.09 0.02 0.03 
%RSD 21.90 7.57 9.62 5.90 0.00 6.40 16.12 5.88 4.15 4.73 
CALCULATIONS EXCLUDING 
SAMPLE STN1B. RESPONSE AVG RF 0.33 0.82 2.49 1.78 1.00 1.15 0.60 1.49 0.44 0.58 
FACTOR FOR THIS SAMPLE STD RF 0.08 0.05 0.19 0.12 0.00 0.08 0.08 0.10 0.02 0.03 
VARIES AND MAY BE A POOR RUN. %RSD 24.59 6.14 7.74 6.56 0.00 7.13 13.17 6.79 4.49 5.40 
KEY 
CHLOR CHLOROFORM TCE TRICHLOROETHYLENE PERC PERCHLOROETHYLENE 
CL3ETH 1,1,1 -TRICHLOROETHANE INT 1,1 -DICHLOROPROPANONE BROM BROMOFORM 
CARB TET CARBON TETRACHLORIDE DBCM DIBROMOCHLOROMETHANE DBCP 1.2-DIBROMO-3-CHLOROPROPANE 2 
BDCM BROMODICHLOROMETHANE DBE 1,2-DIBROMOETHANE 
EXTERNAL CALIBRATION 
DETERMINES RESPONSE FACTORS FOR THE TEN ANALYTES AND FOR THE INTERNAL STANDARD 
CALIBRATION DATE 5/1/94 
551 INT. STD. PEAK AREAS 
DATE CONC. CONC. ATTEN 
SAMPLE ANALYZED (ug/l) (ug/l) Factor CHLOR CL3ETH CARB TET BDCM/TCE INT DBCM DBE PERC BROM DBCP 
STN1B 5/1/94 1.75 . 1.925 4 368 850 1954 1589 1013 1020 425 1371 393 526 
STN2A 5/1/94 3.5 3.85 4 368 1159 3578 2538 1459 1654 934 2140 619 827 
STN3A 5/1/94 7 7.7 4 1233 2253 6974 4968 3023 3149 1608 4122 1200 1534 
STN4A 5/1/94 14 15.4 4 1505 4149 12329 8998 6073 5779 2828 7539 2312 3071 
CALCULATIONS EXCLUDING 
SAMPLE STN1B. RESPONSE 
FACTOR FOR THIS SAMPLE 
VARIES AND MAY BE A POOR RUN. 
AVG RF 
STD RF 
%RSD 
AVG RF 
STD RF 
%RSD 
CHLOR 
210.29 
105.14 
176.14 
107.50 
149.77 
45.10 
30.11 
129.60 
32.93 
25.41 
RESPONSE FACTORS RF=(As/Cs)*(ATT/4) 
CL3ETH 
485.71 
331.14 
321.86 
296.36 
358.77 
74.39 
20.74 
316.45 
14.71 
4.65 
CARB TET 
1116.57 
1022.29 
996.29 
880.64 
1003.95 
84.09 
8.38 
966.40 
61.56 
6.37 
BDCM/TCE 
908.00 
725.14 
709.71 
642.71 
746.39 
98.31 
13.17 
692.52 
35.78 
5.17 
INT 
526.23 
378.96 
392.60 
394.35 
423.04 
59.88 
14.15 
388.64 
6.88 
1.77 
DBCM 
582.86 
472.57 
449.86 
412.79 
479.52 
63.36 
13.21 
445.07 
24.64 
5.54 
DBE 
242.86 
266.86 
229.71 
202.00 
235.36 
23.41 
9.95 
232.86 
26.57 
11.41 
PERC 
783.43 
611,43 
588.86 
538.50 
630.55 
92.13 
14.61 
579.60 
30.48 
5.26 
BROM 
224.57 
176.86 
171.43 
165.14 
184.50 
23.50 
12.74 
171.14 
4.79 
2.80 
KEY 
CHLOR CHLOROFORM TCE TRICHLOROETHYLENE PERC PERCHLOROETHYLENE 
CL3ETH 1,1,1-TRICHLOROETHANE INT 1,1 -DICHLOROPROPANONE BROM BROMOFORM 
CARB TET CARBON TETRACHLORIDE DBCM DIBROMOCHLOROMETHANE DBCP 1.2-DIBROMO-3-CHLOROPROPANE 2 
BDCM BROMODICHLOROMETHANE DBE 1,2-DIBROMOETHANE 
INTERNAL CALIBRATION 
DETERMINES RESPONSE FACTORS FOR THE TEN ANALYTES BASED ON THE RESPONSE OF 
THE INTERNAL STANDARD (1,1-DICHLOROPROPANONE) 
CALIBRATION DATE 5/27/94 AND 5/31/94 
551 INT PEAK AREAS 
DATE CONC. CONC. ATTEN 
SAMPLE ANALYZED (ug/i) (ug/i) FACTOR CHLOR CL3ETH CARB TET BDCM/TCE INT DBCM DBE PERC BROM DBCP 
STN1L 05/31 0.45 0.495 16 1093 439 1049 981 592 490 376 687 204 266 
STN2L 05/27 0.9 0.99 16 1029 463 1064 947 635 490 263 761 198 270 
STN3L 05/27 1.75 1.925 16 1444 890 2201 1749 1098 848 429 1377 324 406 
STN4L 05/31 3.5 3.85 16 1594 1939 5895 4114 2631 2021 998 3331 738 1014 
RESPO NSE FAC1 roRs RF=(As*Cis)/(Ais*Cs) 
CHLOR CL3ETH CARB TET BDCM/TCE INT DBCM DBE PERC BROM DBCP 
STN1L 05/31 0.45 0.495 STN1L 2.03 0.82 1.95 1.82 1.00 0.83 0.70 1.28 0.38 0.49 
STN2L 05/27 0.9 0.99 STN2L 1.78 0.80 1.84 1.64 1.00 0.77 0.46 1.32 0.34 0.47 
STN3L 05/27 1.75 1.925 STN3L 1,45 0.89 2.21 1.75 1.00 0.77 0.43 1.38 0.32 0.41 
STN4L 05/31 3.5 3.85 STN4L 0.67 0.81 2.46 1.72 1.00 0.77 0.42 1.39 0.31 0.42 
AVG RF 1.48 0.83 2.12 1.73 1.00 0.78 0.50 1.34 0.34 0.45 
STD RF 0.51 0.04 0.24 0.07 0.00 0.02 0.12 0.05 0.03 0.03 
%RSD 34.71 4.33 11.38 3.78 0.00 3.15 23.05 3.50 7.75 7.74 
CALCULATIONS EXCLUDING 
SAMPLE STN1L. RESPONSE AVG RF 1.30 0.83 2.17 1.70 1.00 0.77 0.43 1.36 0.33 0.43 
FACTOR AT THIS CONCENTRATION STD RF 0.47 0.04 0.25 0.05 0.00 0.00 0.02 0.03 0.01 0.03 
AND LOWER MAY BE POOR. %RSD 36.00 4.83 11.74 2.76 0.00 0.24 3.68 2.38 4.32 5.93 
KEY 
CHLOR CHLOROFORM TCE TRICHLOROETHYLENE PERC PERCHLOROETHYLENE 
CL3ETH 1,1,1 -TRICHLOROETHANE INT 1,1 -DICHLOROPROPANONE BROM BROMOFORM 
CARB TET CARBON TETRACHLORIDE DBCM DIBROMOCHLOROMETHANE DBCP 1.2-DIBROMO-3-CHLOROPROPANE 
BDCM BROMODICHLOROMETHANE DBE 1,2-DIBROMOETHANE 
u> 
K> 
EXTERNAL CALIBRATION 
DETERMINES RESPONSE FACTORS FOR THE TEN ANALYTES AND FOR THE INTERNAL STANDARD 
CALIBRATION DATE 5/27/94 AND 5/31/94 
551 INT. STD. PEAK AREAS 
DATE CONC. CONC. ATTEN 
SAMPLE ANALYZED (ug/i) (ug/l) Factor CHLOR CL3ETH CARB TET BDCM/TCE INT DBCM DBE PERC BROM DBCP 
STN1L 05/31 0.45 0.495 16 1093 439 1049 981 592 490 376 687 204 266 
STN2L 05/27 0.9 0.99 16 1029 463 1064 947 635 490 263 781 198 270 
STN3L 05/27 1.75 1.925 16 1444 890 2201 1749 1098 848 429 1377 324 406 
STN4L 05/31 3.5 3.85 16 1594 1939 5895 4114 2631 2021 998 3331 738 1014 
RESPONSE FACTORS RF=(As/Cs)*(ATT/4) 
CHLOR BDCM/TCE INT DBE PERC DBCP 
9715.56 3902.22 9324.44 8720.00 4783.84 4355.56 3342.22 6106.67 1813.33 2364.44 
4573.33 2057.78 4728.89 4208.89 2565.66 2177.78 1168.89 3382.22 880.00 1200.00 
3300.57 2034.29 5030.86 3997.71 2281.56 1938.29 980.57 3147.43 740.57 928.00 
1821.71 2216.00 6737.14 4701.71 2733.51 2309.71 1140.57 3806.86 843.43 1158.86 
AVG RF 4852.79 2552.57 6455.33 5407.08 3091.14 2695.33 1658.06 4110.79 1069.33 1412.83 
STD RF 2971.59 782.35 1824.89 1929.70 990.54 967.73 975.00 1176.31 432.58 559.11 
%RSD 61.23 30.65 28.27 35.69 32.04 35.90 58.80 28.62 40.45 39.57 
CALCULATIONS EXCLUDING 
SAMPLE STN1L. RESPONSE AVG RF 3231.87 2102.69 5498.96 4302.77 2526.91 2141.93 1096.68 3445.50 821.33 1095.62 
FACTOR AT THIS CONCENTRATION STD RF 1124.39 80.70 884.16 294.97 186.53 153.74 82.91 272.90 59.03 119.71 
AND LOWER MAY BE POOR. %RSD 34.79 3.84 16.08 6.86 7.38 7.18 7.56 7.92 7.19 10.93 
KfcY 
CHLOR CHLOROFORM TCE TRICHLOROETHYLENE PERC PERCHLOROETHYLENE 
CL3ETH 1,1,1-TRICHLOROETHANE INT 1.1 -DICHLOROPROPANONE BROM BROMOFORM 
CARB TET CARBON TETRACHLORIDE DBCM DIBROMOCHLOROMETHANE DBCP 1.2-DIBROMO-3-CHLOROPROPANE2 w U> 
BDCM BROMODICHLOROMETHANE DBE 1,2-DIBROMOETHANE 
AREAS OF PEAKS FROM ALL CALIBRATION RUNS 
File Date ATT 
551 
CONC. 
ug/L Chlor CI3Eth CarbTet BDCM/TCE 
PEAK AREi 
INT 
* 
DBCM DBE PERC Brom DBCP 
[INT] 
ug/L 
CAL04 03/31 4 0.2 1415 619 1309 823 794 966 439 1142 473 655 0.22 
CAL05 04/01 4 0.2 1488 678 1404 853 833 1021 448 1248 491 689 0.22 
CAL06 04/04 4 0.2 1143 364 757 781 531 993 418 843 470 957 0.22 
CAL07 04/04 4 0.2 1064 294 583 660 587 787 366 625 396 677 0.22 
CAL08 04/04 4 0.4 2200 731 1466 1512 1121 1820 851 1476 351 1549 0.44 
CAL09 04/05 4 1.0 7149 3283 8032 3340 6268 2631 6339 2772 4469 1.1 
CAL10 04/05 4 0.2 1115 347 580 459 682 314 744 346 724 0.22 
CAL11 04/06 4 0.2 1328 443 815 891 653 1059 495 868 530 811 0.22 
CAL12 04/07 4 0.2 1190 432 783 848 611 1014 475 794 491 760 0.22 
CAL15 04/14 0.8 2334 1215 2846 1914 1000 2075 862 2207 896 1287 0.88 
CAL18 04/19 4 0.2 1354 811 1121 1712 595 1232 557 1085 1562 664 0.22 
CL20A 04/20 4 0.2 1149 956 999 1622 687 1145 562 1011 452 756 0.22 
CAL22 04/20 16 2.0 4006 1712 4351 4716 1540 3258 1311 3210 1315 1847 2.2 
CAL23 04/21 4 0.4 2820 1535 3335 4024 1377 2847 1247 2818 1243 1677 0.44 
CAL24 04/22 4 0.4 4309 2312 5773 6403 2539 4735 2084 4363 2051 2991 0.44 
CAL25 04/25 4 0.4 2370 926 2227 3288 1266 2405 1163 2099 1019 1617 0.44 
CL25A 04/26 4 0.4 2533 1089 2579 3765 1476 2863 1424 2449 1259 1991 0.44 
CL25B 04/27 4 0.4 2627 1211 2648 3917 1552 2953 1417 2439 1239 1995 0.44 
CAL26 04/28 4 0.4 2544 1236 2917 3803 1712 2720 1243 2545 1257 1797 0.44 
CAL27 04/29 4 0.4 2684 1162 2638 3888 1906 3065 1407 2491 1393 2191 0.44 
CAL29 05/12 32 0.4 3025 952 2360 3546 1074 1925 844 1761 774 1071 0.44 
CL29A 05/13 16 0.4 5801 1791 4116 6358 1986 3540 1649 3469 1444 2114 0.44 
CAL30 05/16 16 0.4 5332 1964 5369 5790 2266 3128 1724 4576 1324 2058 0.44 
CL30A 05/17 16 0.4 5991 2177 6223 6567 2512 3532 2010 5059 1408 2195 0.44 
CAL31 05/16 16 0.4 5167 2040 5313 6152 2445 3376 1989 4437 1296 2175 0.44 
CAL32 05/18 16 0.4 5375 1968 4960 6109 1797 3384 1598 3698 1352 1952 0.44 
CAL33 05/20 16 0.4 6644 2365 6908 9709 2724 5025 2509 5507 1932 0.44 
CAL34 05/23 16 0.4 5892 2078 5488 7658 2581 4246 2082 4643 1753 2590 0.44 
CAL35 05/24 16 0.4 5544 1980 5029 7817 2891 4273 2088 4251 1733 2413 0.44 
CAL36 06/02 16 0.4 3710 2487 6899 10998 4564 4841 5495 4944 1919 2610 0.44 
CAL37 06/06 16 0.4 3258 1860 4197 8977 5264 4666 2203 3648 1997 2818 0.44 
CAL38 06/16 16 0.4 1799 1164 2130 5289 4878 2391 1099 2164 1321 1.32 
CAL39 06/17 16 0.4 1648 900 1889 4081 4125 1330 999 2143 1075 1.32 
AREAS OF PEAKS FROM ALL CALIBRATION RUNS 
551 PEAK AREA 
CONC. [INT] 
File Date ATT ug/L Chlor CI3Eth CarbTet BDCM/TCE INT DBCM DBE PERC Brom DBCP ug/L 
CAL41 06/28 8 0.4 3819 1870 9640 6205 2546 4146 1123 4564 960 2069 0.44 
CAL42 06/29 4 0.4 3408 2221 5201 3894 3186 3926 1721 4127 1347 3024 0.44 
CAL43 06/30 4 0.4 2657 1433 3130 2874 2770 2938 1323 2512 1147 0.44 
CAL44 07/01 4 0.4 3891 2010 4490 4307 3816 4164 1799 3816 1568 0.44 
CAL45 07/05 16 0.4 1498 805 1878 2126 1475 1902 797 1632 661 1265 0.44 
CAL49 07/18 4 0.4 3497 2210 4841 5000 1772 2322 1075 1510 1215 0.44 
CAL50 07/27 4 0.4 599 945 1050 879 1137 584 0.44 
CAL51 07/28 4 0.4 1037 980 1702 1384 1170 209 138 233 752 388 0.88 
CAL52 08/02 4 0.4 2214 428 588 723 1460 561 405 350 261 714 0.44 
CAL52 08/03 4 0.4 1866 368 511 599 1295 720 687 594 58 95 0.88 
CAL53 08/08 4 0.4 944 548 794 970 1500 426 441 890 90 168 0.88 
CAL53 08/11 4 0.4 1154 682 892 972 1912 212 101 317 152 0.88 
CAL53A, 08/10 4 0.4 476 473 681 534 1146 632 299 671 118 190 0.88 
CAL54 08/12 4 0.4 1986 453 731 880 1149 182 498 1000 78 871 0.88 
CAL54 08/15 4 0.4 1821 602 656 666 971 136 397 1057 397 152 0.88 
CAL54 08/16 4 0.4 1760 752 650 520 862 708 308 105 91 91 0.88 
CAL55 08/17 4 0.4 820 215 292 347 575 403 197 193 0.88 
CAL56 08/23 4 0.4 2470 689 1324 1311 642 209 0.88 
CAL56, 08/24 4 0.4 1397 351 670 728 650 313 525 0.88 
CAL56, 08/24 4 0.4 1569 434 675 674 787 641 51 848 112 570 0.88 
CAL57 08/25 4 0.4 1734 342 512 656 864 86 53 725 69 648 0.88 
CAL57 08/26 4 0.4 2083 420 647 899 1088 1043 500 133 110 250 0.88 
CAL58 08/31 4 0.4 1564 326 484 659 693 110 328 119 51 572 0.88 
AVG 2721.33 1148.09 2702.80 3277.12 1743.82 2109.46 1076.35 2197.96 914.15 1384.61 
STD 1663.79 738.80 2275.30 2742.70 1148.90 1568.11 911.12 1663.18 649.41 967.98 
%RSD 61.14 64.35 84.18 83.69 65.88 74.34 84.65 75.67 71.04 69.91 
u> 
INTERNAL RESPONSE FACTORS FOR ALL CALIBRATION RUNS 
RESPONSE FACTORS FOR THE TEN ANALYTES BASED ON THE RESPONSE OF 
OF THE INTERNAL STANDARD (1,1-DICHLOROPROPANONE) 
651 INT. RF=(As*Cls)/(Als*Cs) 
CONC. CONC. 
File Date ATT ug/L ug/l Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE PERC Brom DBCP 
CAL04 03/31 4 0.2 0.22 1.960 0.858 1.813 1.140 1.000 1.338 0.608 1.582 0.655 0.907 
CAL05 04/01 4 0.2 0.22 1.965 0.895 1.854 1.126 1.000 1.348 0.592 1.648 0.648 0.910 
CAL06 04/04 4 0.2 0.22 2.368 0.754 1.568 1.618 1.000 2.057 0.866 1.746 0.974 1.982 
CAL07 04/04 4 0.2 0.22 1.994 0.551 1.093 1.237 1.000 1.475 0.686 1.171 0.742 1.269 
CAL08 04/04 4 0.4 0.44 2.159 0.717 1.439 1.484 1.000 1.786 0.835 1.448 0.344 1.520 
CAL09 03/05 4 1 1.1 2.354 1.081 2.645 0.000 1.000 2.064 0.866 2.088 0.913 1.472 
CAL10 04/05 4 0.2 0.22 2.672 0.832 1.390 0.000 1.000 1.634 0.753 1.783 0.829 1.735 
CAL11 04/06 4 0.2 0.22 2.237 0.746 1.373 1.501 1.000 1.784 0.834 1.462 0.893 1.366 
CAL12 04/07 4 0.2 0.22 2.142 0.778 1.410 1.527 1.000 1.826 0.855 1.429 0.884 1.368 
CAL15 04/14 0.8 0.88 2.567 1.337 3.131 2.105 1.000 2.283 0.948 2.428 0.986 1.416 
CAL18 04/19 4 0.2 0.22 2.503 1.499 2.072 3.165 1.000 2.278 1.030 2.006 2.888 1.228 
CL20A 04/20 4 0.2 0.22 1.840 1.531 1.600 2.597 1.000 1.833 0.900 1.619 0.724 1.210 
CAL22 04/20 2 2.2 2.861 1.223 3.108 3.369 1.000 2.327 0.936 2.293 0.939 1.319 
CAL23 04/21 4 0.4 0.44 2.253 1.226 2.664 3.215 1.000 2.274 0.996 2.251 0.993 1.340 
CAL24 04/22 4 0.4 0.44 1.867 1.002 2.501 2.774 1.000 2.051 0.903 1.890 0.889 1.296 
CAL25 04/25 4 0.4 0.44 2.059 0.805 1.935 2.857 1.000 2.090 1.011 1.824 0.885 1.405 
CL25A 04/26 4 0.4 0.44 1.888 0.812 1.922 2.806 1.000 2.134 1.061 1.825 0.938 1.484 
CL25B 04/27 4 0.4 0.44 1.862 0.858 1.877 2.776 1.000 2.093 1.004 1.729 0.878 1.414 
CAL26 04/28 4 0.4 0.44 1.635 0.794 1.874 2.444 1.000 1.748 0.799 1.635 0.808 1.155 
CAL27 04/29 4 0.4 0.44 1.549 0.671 1.522 2.244 1.000 1.769 0.812 1.438 0.804 1.264 
CAL29 05/12 32 0.4 0.44 3.098 0.975 2.417 3.632 1.000 1.972 0.864 1.804 0.793 1.097 
CL29A 05/13 16 0.4 0.44 3.213 0.992 2.280 3.522 1.000 1.961 0.913 1.921 0.800 1.171 
CAL30 05/16 16 0.4 0.44 2.588 0.953 2.606 2.811 1.000 1.518 0.837 2.221 0.643 0.999 
CL30A 05/17 16 0.4 0.44 2.623 0.953 2.725 2.876 1.000 1.547 0.880 2.215 0.617 0.961 
CAL31 05/16 16 0.4 0.44 2.325 0.918 2.390 2.768 1.000 1.519 0.895 1.996 0.583 0.979 
INTERNAL RESPONSE FACTORS FOR ALL CALIBRATION RUNS 
RESPONSE FACTORS FOR THE TEN ANALYTES BASED ON THE RESPONSE OF 
OF THE INTERNAL STANDARD (1,1-DICHLOROPROPANONE) 
551 INT. RF=(As*Cls)/(Als*Cs) 
CONC. CONC. 
File Date ATT ug/L ug/l Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE PERC Brom DBCP 
CAL32 05/18 16 0.4 0.44 3.290 1.205 3.036 3.740 1.000 2.071 0.978 2.264 0.828 1.195 
CAL33 05/20 16 0.4 0.44 2.683 0.955 2.790 3.921 1.000 2.029 1.013 2.224 0.780 0.000 
CAL34 05/23 16 0.4 0.44 2.511 0.886 2.339 3.264 1.000 1.810 0.887 1.979 0.747 1.104 
CAL35 05/24 16 0.4 0.44 2.109 0.753 1.913 2.974 1.000 1.626 0.794 1.617 0.659 0.918 
CAL36 06/02 16 0.4 0.44 0.894 0.599 1.663 2.651 1.000 1.167 1.324 1.192 0.463 0.629 
CAL37 06/06 16 0.4 0.44 0.681 0.389 0.877 1.876 1.000 0.975 0.460 0.762 0.417 0.589 
CAL38 06/16 16 0.4 1.32 1.217 0.787 1.441 3.578 1.000 1.618 0.743 1.464 0.894 0.000 
CAL39 06/17 16 0.4 1.32 1.318 0.720 1.511 3.265 1.000 1.064 0.799 1.714 0.860 0.000 
CAL41 06/28 16 0.4 0.44 1.650 0.808 4.165 2.681 1.000 1.791 0.485 1.972 0.415 0.894 
CAL42 06/29 0.4 0.44 1.177 0.767 1.796 1.344 1.000 1.355 0.594 1.425 0.465 1.044 
CAL43 06/30 0.4 0.44 1.055 0.569 1.243 1.141 1.000 1.167 0.525 0.998 0.455 0.000 
CAL44 07/01 0.4 0.44 1.122 0.579 1.294 1.242 1.000 1.200 0.519 1.100 0.452 0.000 
CAL45 07/05 16 0.4 0.44 1.117 0.600 1.401 1.585 1.000 1.418 0.594 1.217 0.493 0.943 
CAL49 07/18 0.4 0.44 2.171 1.372 3.005 3.104 1.000 1.441 0.667 0.937 0.754 0.000 
CAL50 07/27 0.4 0.44 0.000 0.750 1.183 1.314 1.000 1.423 0.000 0.000 0.731 0.000 
CAL51 07/28 0.4 0.88 1.950 1.843 3.200 2.602 1.000 0.393 0.259 0.438 1.414 0.730 
CAL52 08/02 0.4 0.44 1.668 0.322 0.443 0.545 1.000 0.423 0.305 0.264 0.107 0.538 
CAL52 08/03 0.4 0.88 3.170 0.625 0.868 1.018 1.000 1.223 1.167 1.009 0.099 0.161 
CAL53 08/08 0.4 0.88 1.385 0.804 1.165 1.423 1.000 0.625 0.647 1.305 0.132 0.246 
CAL53 08/11 0.4 0.88 1.328 0.785 1.026 1.118 1.000 0.244 0.116 0.365 0.175 0.000 
CAL53A 08/10 0.4 0.88 0.914 0.908 1.307 1.025 1.000 1.213 0.574 1.288 0.227 0.365 
CAL54 08/12 0.4 0.88 3.803 0.867 1.400 1.685 1.000 0.348 0.954 1.915 0.149 1.668 
CAL54 08/15 0.4 0.88 4.126 1.364 1,486 1.509 1.000 0.308 0.899 2.395 0.899 0.344 
CAL54 08/16 0.4 0.88 4.492 1.919 1.659 1.327 1.000 1.807 0.786 0.268 0.232 0.232 
CAL55 08/17 0.4 0.88 3.137 0.823 1.117 1.328 1.000 1.542 0.754 0.738 0.000 0.000 
INTERNAL RESPONSE FACTORS FOR ALL CALIBRATION RUNS 
RESPONSE FACTORS FOR THE TEN ANALYTES BASED ON THE RESPONSE OF 
OF THE INTERNAL STANDARD (1,1-DICHLOROPROPANONE) 
551 INT. RF=(As*Cis)/(Ais*Cs) 
CONC. CONC. 
File Date ATT ug/L ug/l Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE PERC Brom DBCP 
CAL56 08/23 4 0.4 0.88 4.104 1.145 0.000 0.000 1.000 2.178 1.067 0.000 0.347 0.000 
CAL56, 08/24 4 0.4 0.88 4.222 1.061 2.025 0.000 1.000 1.964 0.946 0.000 0.000 1.587 
CAL56, 08/24 4 0.4 0.88 4.386 1.213 1.887 1.884 1.000 1.792 0.143 2.371 0.313 1.593 
CAL57 08/25 4 0.4 0.88 4.415 0.871 1.304 1.670 1.000 0.219 0.135 1.846 0.176 1.650 
CAL57 08/26 4 0.4 0.88 4.212 0.849 1.308 1.818 1.000 2.109 1.011 0.269 0.222 0.506 
CAL58 08/31 4 0.4 0.88 4.965 1.035 1.537 2.092 1.000 0.349 1.041 0.378 0.162 1.816 
AVG RF 2.355 0.927 1.832 2.041 1.000 1.529 0.766 1.449 0.647 0.911 
STD RF 1.095 0.312 0.761 1.024 0.000 0.587 0.275 0.682 0.437 0.588 
%RSD 46.521 33.643 41.523 50.187 0.000 38.379 35.890 47.066 67.586 64.557 
U> 
00 
EXTERNAL RESPONSE FACTORS FOR ALL CALIBRATION RUNS 
Response Factor is Standardized for Attenuation Stand. RF=(As/Cs)*ATT/4 
551 INT RESPONSE FACTOR 
ATT CONC. CONC. 
File Date Factor ug/L ug/L Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
CAL04 03/31 4 0.2 0.22 7075.0 3095.0 6545.0 4115.0 3609.1 4830.0 2195.0 5710.0 2365.0 3275.0 
CAL05 04/01 4 0.2 0.22 7440.0 3390.0 7020.0 4265.0 3786.4 5105.0 2240.0 6240.0 2455.0 3445.0 
CAL06 04/04 4 0.2 0.22 5715.0 1820.0 3785.0 3905.0 2413.6 4965.0 2090.0 4215.0 2350.0 4785.0 
CAL07 04/04 4 0.2 0.22 5320.0 1470.0 2915.0 3300.0 2668.2 3935.0 1830.0 3125.0 1980.0 3385.0 
CAL08 04/04 4 0.4 0.44 5500.0 1827.5 3665.0 3780.0 2547.7 4550.0 2127.5 3690.0 877.5 3872.5 
CAL09 04/05 4 1 1.1 7149.0 3283.0 8032.0 0.0 3036.4 6268.0 2631.0 6339.0 2772.0 4469.0 
CAL10 04/05 4 0.2 0.22 5575.0 1735.0 2900.0 0.0 2086.4 3410.0 1570.0 3720.0 1730.0 3620.0 
CAL11 04/06 4 0.2 0.22 6640.0 2215.0 4075.0 4455.0 2968.2 5295.0 2475.0 4340.0 2650.0 4055.0 
CAL12 04/07 4 0.2 0.22 5950.0 2160.0 3915.0 4240.0 2777.3 5070.0 2375.0 3970.0 2455.0 3800.0 
CAL15 04/14 0.8 0.88 5835.0 3037.5 7115.0 4785.0 2272.7 5187.5 2155.0 5517.5 2240.0 3217.5 
CAL18 04/19 4 0.2 0.22 6770.0 4055.0 5605.0 8560.0 2704.5 6160.0 2785.0 5425.0 7810.0 3320.0 
CL20A 04/20 4 0.2 0.22 5745.0 4780.0 4995.0 8110.0 3122.7 5725.0 2810.0 5055.0 2260.0 3780.0 
CAL22 04/20 16 2 2.2 8012.0 3424.0 8702.0 9432.0 2800.0 6516.0 2622.0 6420.0 2630.0 3694.0 
CAL23 04/21 4 0.4 0.44 7050.0 3837.5 8337.5 10060.0 3129.5 7117.5 3117.5 7045.0 3107.5 4192.5 
CAL24 04/22 4 0.4 0.44 10772.5 5780.0 14432.5 16007.5 5770.5 11837.5 5210.0 10907.5 5127.5 7477.5 
CAL25 04/25 4 0.4 0.44 5925.0 2315.0 5567.5 8220.0 2877.3 6012.5 2907.5 5247.5 2547.5 4042.5 
CL25A 04/26 4 0.4 0.44 6332.5 2722.5 6447.5 9412.5 3354.5 7157.5 .3560.0 6122.5 3147.5 4977.5 
CL25B 04/27 4 0.4 0.44 6567.5 3027.5 6620.0 9792.5 3527.3 7382.5 3542.5 6097.5 3097.5 4987.5 
CAL26 04/28 4 0.4 0.44 6360.0 3090.0 7292.5 9507.5 3890.9 6800.0 3107.5 6362.5 3142.5 4492.5 
CAL27 04/29 4 0.4 0.44 6710.0 2905.0 6595.0 9720.0 4331.8 7662.5 3517.5 6227.5 3482.5 5477.5 
CAL29 05/12 32 0.4 0.44 60500.0 19040.0 47200.0 70920.0 19527.3 38500.0 16880.0 35220.0 15480.0 21420.0 
CL29A 05/13 16 0.4 0.44 58010.0 17910.0 41160.0 63580.0 18054.5 35400.0 16490.0 34690.0 14440.0 21140.0 
CAL30 05/16 16 0.4 0.44 53320.0 19640.0 53690.0 57900.0 20600.0 31280.0 17240.0 45760.0 13240.0 20580.0 
CL30A 05/17 16 0.4 0.44 59910.0 21770.0 62230.0 65670.0 22836.4 35320.0 20100.0 50590.0 14080.0 21950.0 
CAL31 05/16 16 0.4 0.44 51670.0 20400.0 53130.0 61520.0 22227.3 33760.0 19890.0 44370.0 12960.0 21750.0 
CAL32 05/18 16 0.4 0.44 53750.0 19680.0 49600.0 61090.0 16336.4 33840.0 15980.0 36980.0 13520.0 19520.0 
EXTERNAL RESPONSE FACTORS FOR ALL CALIBRATION RUNS 
Response Factor is Standardized for Attenuation Stand. RF=(As/Cs)*ATT/4 
S51 INT RESPONSE FACTOR 
ATT CONC. CONC. 
File Date Factor ug/L ug/L Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
CAL33 05/20 16 0.4 0.44 66440.0 23650.0 69080.0 97090.0 24763.6 50250.0 25090.0 55070.0 19320.0 0.0 
CAL34 05/23 16 0.4 0.44 58920.0 20780.0 54880.0 76580.0 23463.6 42460.0 20820.0 46430.0 17530.0 25900.0 
CAL35 05/24 16 0.4 0.44 55440.0 19800.0 50290.0 78170.0 26281.8 42730.0 20880.0 42510.0 17330.0 24130.0 
CAL36 06/02 16 0.4 0.44 37100.0 24870.0 68990.0 109980.0 41490.9 48410.0 54950.0 49440.0 19190.0 26100.0 
CAL37 06/06 16 0.4 0.44 32580.0 18600.0 41970.0 89770.0 47854.5 46660.0 22030.0 36480.0 19970.0 28180.0 
CAL38 06/16 16 0.4 1.32 17990.0 11640.0 21300.0 52890.0 14781.8 23910.0 10990.0 21640.0 13210.0 0.0 
CAL39 06/17 16 0.4 1.32 16480.0 9000.0 18890.0 40810.0 12500.0 13300.0 9990.0 21430.0 10750.0 0.0 
CAL41 06/28 8 0.4 0.44 19095.0 9350.0 48200.0 31025.0 11572.7 20730.0 5615.0 22820.0 4800.0 10345.0 
CAL42 06/29 4 0.4 0.44 8520.0 5552.5 13002.5 9735.0 7240.9 9815.0 4302.5 10317.5 3367.5 7560.0 
CAL43 06/30 4 0.4 0.44 6642.5 3582.5 7825.0 7185.0 6295.5 7345.0 3307.5 6280.0 2867.5 0.0 
CAL44 07/01 4 0.4 0.44 9727.5 5025.0 11225.0 10767.5 8672.7 10410.0 4497.5 9540.0 3920.0 0.0 
CAL45 07/05 16 0.4 0.44 14980.0 8050.0 18780.0 21260.0 13409.1 19020.0 7970.0 16320.0 6610.0 12650.0 
CAL49 07/18 4 0.4 0.44 8742.5 5525.0 12102.5 12500.0 4027.3 5805.0 2687.5 3775.0 3037.5 0.0 
CAL50 07/27 4 0.4 0.44 0.0 1497.5 2362.5 2625.0 1997.7 2842.5 0.0 0.0 1460.0 0.0 
CAL51 07/28 4 0.4 0.88 2592.5 2450.0 4255.0 3460.0 1329.5 522.5 345.0 582.5 1880.0 970.0 
CAL52 08/02 4 0.4 0.44 5535.0 1070.0 1470.0 1807.5 3318.2 1402.5 1012.5 875.0 652.5 1785.0 
CAL52 08/03 4 0.4 0.88 4665.0 920.0 1277.5 1497.5 1471.6 1800.0 1717.5 1485.0 145.0 237.5 
CAL53 08/08 4 0.4 0.88 2360.0 1370.0 1985.0 2425.0 1704.5 1065.0 1102.5 2225.0 225.0 420.0 
CAL53 08/11 4 0.4 0.88 2885.0 1705.0 2230.0 2430.0 2172.7 530.0 252.5 792.5 380.0 0.0 
CAL53A, 08/10 4 0.4 0.88 1190.0 1182.5 1702.5 1335.0 1302.3 1580.0 747.5 1677.5 295.0 475.0 
CAL54 08/12 4 0.4 0.88 4965.0 1132.5 1827.5 2200.0 1305.7 455.0 1245.0 2500.0 195.0 2177.5 
CAL54 08/15 4 0.4 0.88 4552.5 1505.0 1640.0 1665.0 1103.4 340.0 992.5 2642.5 992.5 380.0 
CAL54 08/16 4 0.4 0.88 4400.0 1880.0 1625.0 1300.0 979:5 1770.0 770.0 262.5 227.5 227.5 
CAL55 08/17 4 0.4 0.88 2050.0 537.5 730.0 867.5 653.4 1007.5 492.5 482.5 0.0 0.0 
CAL56 08/23 4 0.4 0.88 6175.0 1722.5 0.0 0.0 1504.5 3277.5 1605.0 0.0 522.5 0.0 
CAL56, 08/24 4 0.4 0.88 3492.5 877.5 1675.0 0.0 827.3 1625.0 782.5 0.0 0.0 1312.5 
EXTERNAL RESPONSE FACTORS FOR ALL CALIBRATION RUNS 
Response Factor is Standardized for Attenuation Stand. RF=(As/Cs)*ATT/4 
551 INT RESPONSE FACTOR 
ATT CONC. CONC. 
File Date Factoi ug/L ug/L Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
CAL56, 08/24 4 0.4 0.88 3922.5 1085.0 1687.5 1685.0 894.3 1602.5 127.5 2120.0 280.0 1425.0 
CAL57 08/25 4 0.4 0.88 4335.0 855.0 1280.0 1640.0 981.8 215.0 132.5 1812.5 172.5 1620.0 
CAL57 08/26 4 0.4 0.88 5207.5 1050.0 1617.5 2247.5 1236.4 2607.5 1250.0 332.5 275.0 625.0 
CAL58 08/31 4 0.4 0.88 3910.0 815.0 1210.0 1647.5 787.5 275.0 820.0 297.5 127.5 1430.0 
AVG RF 15794.6 6526.6 16012.2 21052.5 8021.1 12372.3 6570.9 12848.7 5208.6 6404.9 
STD RF 19406.7 7330.9 20438.2 29430.8 10181.0 14649.7 9491.7 16166.6 6002.4 8252.3 
%RSD 122.9 112.3 127.6 139.8 126.9 118.4 144.4 125.8 115.2 128.8 
KEY 
Chlor CHLOROFORM TCE TRICHLOROETHYLENE Perc PERCHLOROETHYLENE 
CI3Eth 1,1,1 -TRICHLOROETHANE INT 1,1 -DICHLOROPROPANONE Brom BROMOFORM 
Crbnt CARBON TETRACHLORIDE DBCM DIBROMOCHLOROMETHANE DBCP 1.2-DIBROMO-3-CHLOROPROPANE 2 
BDCM BROMODICHLOROMETHANE DBE 1,2-DIBROMOETHANE 
PERCENT RELATIVE STANDARD DEVIATION OF INTERNAL CALIBRATION RESPONSE FACTORS 
INTERNAL STD. CAL RF/INITIAL CALIBRATION RF 
OF 551 CONC. @ 0.45 ug/L AND INT. CONC. @ 0.495 ug/L 
551 INT. PERCENT RSD 
CONC. CONC. 
File Date ATT ug/L ug/l Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE PERC Brom DBCP 
CAL04 03/31 4 0.2 0.22 3.476 5.130 6.961 37,449 0.000 61.687 12.948 23.940 72.875 83.595 
CAL05 04/01 4 0.2 0.22 3.248 9.759 4.881 38.205 0.000 62.892 15.323 29.102 71.052 84.083 
CAL06 04/04 4 0.2 0.22 16.588 7.559 19.546 11.242 0.000 148.527 23.941 36.804 156.859 301.104 
CAL07 04/04 4 0.2 0.22 1.824 32.459 43.950 32.149 0.000 78.178 1.830 8.250 95.771 156.679 
CAL08 04/04 4 0.4 0.44 6.296 12.064 26.197 18.605 0.000 115.767 19.525 13.461 9.136 207.529 
CAL09 04/05 4 1.0 1.1 15.931 32.551 35.714 100.000 0.000 149.403 24.025 63.546 140.845 197.786 
CAL10 04/05 4 0.2 0.22 31.572 1.947 28.688 100.000 0.000 97,465 7.709 39.677 118.753 251.048 
CAL11 04/06 4 0.2 0.22 10.150 8.515 29.565 17.659 0.000 115.527 19.351 14.544 135.534 176.406 
CAL12 04/07 4 0.2 0.22 5.489 4.655 27.679 16.246 0.000 120.554 22.401 11.981 133.202 176.830 
CAL15 04/14 0.8 0.88 26.416 63.845 60.613 15.503 0.000 175.763 35.719 90.181 160.016 186.430 
CAL18 04/19 4 0.2 0.22 23.255 83.807 6.325 73.636 0.000 175.177 47.391 57.137 661.826 148.365 
CL20A 04/20 4 0.2 0.22 9.413 87.654 17.936 42.478 0.000 121.497 28.799 26.812 90.930 144.909 
CAL22 04/20 16 2.0 2.2 40.894 49.913 59.446 84.802 0.000 181.157 34.034 79.618 147.797 166.923 
CAL23 04/21 4 0.4 0.44 10.922 50.325 36.681 76.351 0.000 174.772 42.583 76.349 161.956 171.044 
CAL24 04/22 4 0.4 0.44 8.079 22.795 28.317 52.186 0.000 147.842 29.232 48.077 134.420 162.177 
CAL25 04/25 4 0.4 0.44 1.395 1.364 0.727 56.730 0.000 152.464 44.637 42.871 133.578 184.260 
CL25A 04/26 4 0.4 0.44 7.050 0.506 1.392 53.933 0.000 157.782 51.900 42.977 147.532 200.210 
CL25B 04/27 4 0.4 0.44 8.321 5.223 3.712 52.305 0.000 152.866 43.751 35.421 131.671 186.082 
CAL26 04/28 4 0.4 0.44 19.515 2.642 3.843 34.053 0.000 111.146 14.314 28.100 113.070 133.606 
CAL27 04/29 4 0.4 0.44 23.729 17.787 21.892 23.099 0.000 113.711 16.226 12.620 112.090 155.835 
CAL29 05/12 32 0.4 0.44 52.554 19.534 24.009 99.245 0.000 138.202 23.729 41.293 109.136 121.935 
CL29A 05/13 16 0.4 0.44 58.207 21.611 16.961 93.194 0.000 136.888 30.730 50.519 110.999 136.900 
CAL30 05/16 16 0.4 0.44 27 448 16.880 33.715 54.195 0.000 83.453 19.787 74.017 69.559 102.128 
CL30A 05/17 16 0.4 0.44 29.176 16.868 39.806 57.761 0.000 86.861 25.983 73.544 62.658 94.471 
CAL31 05/16 16 0.4 0.44 14.462 12.514 22.633 51.841 0.000 83.502 28.082 56.378 53.822 97.980 
PERCENT RELATIVE STANDARD DEVIATION OF INTERNAL CALIBRATION RESPONSE FACTORS 
INTERNAL STD. CAL RF/INITIAL CALIBRATION RF 
OF 551 CONC. @ 0.45 ug/L AND INT. CONC. @ 0.495 ug/L 
551 INT. PERCENT RSD 
CONC. CONC. 
File Date ATT ug/L ug/l Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE PERC Brom DBCP 
CAL32 05/18 16 0.4 0.44 62.006 47.684 55.769 105.152 0.000 150.265 40.011 77.331 118.333 141.753 
CAL33 05/20 16 0.4 0.44 32.106 17.080 43.117 115.090 0.000 145.159 45.020 74.210 105.822 100.000 
CAL34 05/23 16 0.4 0.44 23.645 8.571 19.998 79.052 0.000 118.630 27.007 55.016 97.099 123.332 
CAL35 05/24 16 0.4 0.44 3.867 7.642 1.830 63.172 0.000 96.428 13.715 26.709 73.957 85.759 
CAL36 06/02 16 0.4 0.44 55.972 26.517 14.693 45.419 0.000 40.964 89.564 6.654 22.017 27.273 
CAL37 06/06 16 0.4 0.44 66.477 52.351 55.004 2.912 0.000 17.801 34.108 40.282 10.091 19.142 
CAL38 06/16 16 0.4 1.32 40.074 3.464 26.073 96.293 0.000 95.424 6.417 14.684 135.762 100.000 
CAL39 06/17 16 0.4 1.32 35.083 11.733 22.469 79.109 0.000 28.549 14.392 34.303 126.881 100.000 
CAL41 06/28 16 0.4 0.44 18.756 0.953 113.680 47.074 0.000 116.416 30.553 54.473 9.422 80.860 
CAL42 06/29 4 0.4 0.44 42.063 5.993 7.873 26.243 0.000 63.766 14.951 11.623 22.691 111.240 
CAL43 06/30 4 0.4 0.44 48.047 30.237 36.231 37.388 0.000 40.958 24.801 21.854 20.164 100.000 
CAL44 07/01 4 0.4 0.44 44.773 28.969 33.598 31.889 0.000 45.018 25.774 13.828 19.242 100.000 
CAL45 07/05 16 0.4 0.44 44.993 26.403 28.146 13.019 0.000 71.371 14.925 4.656 30.047 90.870 
CAL49 07/18 4 0.4 0.44 6.889 68.184 54.176 70.278 0.000 74.147 4.483 26.569 98.978 100.000 
CAL50 07/27 4 0.4 0.44 100.000 8.104 39.328 27.914 0.000 71.906 100.000 100.000 92.804 100.000 
CAL51 07/28 4 0.4 0.88 3.988 125.906 64.191 42.769 0.000 52.520 62.859 65.679 273.038 47.610 
CAL52 08/02 4 0.4 0.44 17.865 60.468 77.272 70.116 0.000 48.934 56.325 79.342 48.122 8.839 
CAL52 08/03 4 0.4 0.88 56.089 23.358 55.462 44.174 0.000 47.778 67.052 20.948 74.006 67.347 
CAL53 08/08 4 0.4 0.88 31.827 1 468 40.254 21.952 0.000 24.514 7.421 2.257 65.176 50.147 
CAL53 08/11 4 0.4 0.88 34.619 3.798 47.343 38.643 0.000 70.529 83.366 71.426 53.860 100.000 
CAL53A, 08/10 4 0.4 0.88 55.006 11.318 32.928 43.761 0.000 46.582 17.842 0.910 40.239 26.203 
CAL54 08/12 4 0.4 0.88 87.237 6.332 28.192 7.563 0.000 57.898 36.481 49.994 60.600 237,418 
CAL54 08/15 4 0.4 0.88 103.153 67.211 23.746 17.218 0.000 62.772 28.746 87.608 137.297 30.322 
CAL54 08/16 4 0.4 0.88 121.175 135.287 14.890 27.192 0.000 118.310 12.514 79.007 38.729 53.010 
CAL55 08/17 4 0.4 0.88 54.482 0.846 42.682 27.164 0.000 86.288 7.885 42.153 100.000 100.000 
U> 
PERCENT RELATIVE STANDARD DEVIATION OF INTERNAL CALIBRATION RESPONSE FACTORS 
INTERNAL STD. CAL RF/INITIAL CALIBRATION RF 
OF 551 CONC. @ 0.45 ug/L AND INT. CONC. @ 0.495 ug/L 
551 INT. PERCENT RSD 
CONC. CONC. 
File Date ATT ug/L ug/l Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE PERC Brom DBCP 
CAL56 08/23 4 0.4 0.88 102.088 40.352 100.000 100.000 0.000 163.186 52.690 100.000 8.382 100.000 
CAL56, 08/24 4 0.4 0.88 107.872 30.036 3.877 100.000 0.000 137.318 35.387 100.000 100.000 220.995 
CAL56, 08/24 4 0.4 0.88 115.963 48.731 3.193 3.364 0.000 116.487 79.594 85.702 17.403 222.382 
CAL57 08/25 4 0.4 0.88 117.404 6.758 33.114 8.363 0.000 73.543 80.684 44.617 53.649 233.835 
CAL57 08/26 4 0.4 0.88 107.392 4 114 32.880 0.273 0.000 154.803 44.712 78.932 41.321 2.278 
CAL58 08/31 4 0.4 0.88 144.475 26.874 21.171 14.772 0.000 57.810 49.041 70.406 57.287 267.395 
MEAN 41.800 27.226 31.685 48.218 0.000 100.699 33.433 46.757 97.991 128.149 
STD. DEV. 37.021 29.738 22.983 31.076 0.000 44.433 22.416 28.356 91.811 67.794 
KEY 
Chlor CHLOROFORM TCE TRICHLOROETHYLENE Perc PERCHLOROETHYLENE 
CI3Eth 1,1,1 -TRICHLOROETHANE INT 1,1-DICHLOROPROPANONE Brom BROMOFORM 
Crbnt CARBON TETRACHLORIDE DBCM DIBROMOCHLOROMETHANE DBCP 1.2-DIBROMO-3-CHLOROPROPANE 2 
BDCM BROMODICHLOROMETHANE DBE 1,2-DIBROMOETHANE 
INTERNAL STANDARD ASSESSMENT 
(((STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS)-
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR SAMPLE RUNS))/ 
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS))*100 
% RSD=((ISRF(cal)-ISRF(samp))/ISRF(CAL))*100 
RESPONSE FACTORS DETERMINED BY EXTERNAL CALIBRATION RF-As/Cs 
File 
DATE 
Analyzed Sample 
INT. 
CONC. 
ug/L 
INTERNAL STANDARD 
ATT RF STAND. RF 
CALIBRATIONS 
Sample Date RF %RSD 
SUSPECT 
SAMPLE 
(>30% RSD) 
SL001 
SL002 
SL004 
LB003 
SL006 
SL007 
SL008 
SL009 
LB004 
SL010 
SL011 
SL012 
LB005 
SL013 
SL015 
LB007 
SL016 
SL017 
SL018 
LB008 
LB009 
LB010 
LB011 
04/01 
04/01 
04/01 
04/05 
04/05 
04/05 
04/05 
04/05 
04/06 
04/06 
04/06 
04/06 
04/07 
04/07 
04/07 
04/15 
04/15 
04/15 
04/15 
04/18 
04/18 
04/18 
04/18 
1FBC 
1FBG 
1FD (1L3) 
LB 
1M23 
1M12 
1M35 
1M45 
LB 
1L1 
1D1 
1L3 
LB 
1P1 
1P16 
LB 
1L1 
1L2 
1L3 
1LBDIP 
2LBDI 
2LBMQP 
SLBMQ 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
022 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
0.22 
2490.91 
4968.18 
2904.55 
2054.55 
2063.64 
2322.73 
2304.55 
2572.73 
2604.55 
2481.82 
2913.64 
2918.18 
2400.00 
3168.18 
2531.82 
3118.18 
2895.45 
3036.36 
4136.36 
2140.91 
3268.18 
3113.64 
3009.09 
2490.91 
4968.18 
2904.55 
2054.55 
2063.64 
2322.73 
2304.55 
2572.73 
2604.55 
2481.82 
2913.64 
2918.18 
2400.00 
3168.18 
2531.82 
3118.18 
2895.45 
3036.36 
4136.36 
2140.91 
3268.18 
3113.64 
3009.09 
CAL04 
CAL05 
CAL05 
CAL05 
CAL06 
CAL07 
CAL08 
CAL09 
CAL10 
CAL11 
CAL11 
CAL11 
CAL11 
CAL12 
CAL12 
CAL12 
CAL16 
CAL16 
CAL16 
CAL16 
CAL16 
CAL16 
CAL16 
04/01 
04/01 
04/01 
04/04 
04/04 
04/04 
04/05 
04/05 
04/06 
04/06 
04/06 
04/06 
04/07 
04/07 
04/07 
04/15 
04/14 
04/14 
04/14 
04/14 
04/14 
04/14 
04/14 
3786.36 
3786.36 
3786.36 
2413.64 
2668.18 
2547.73 
3036.36 
2086.36 
2968.18 
2968.18 
2968.18 
2968.18 
2777.27 
2777.27 
2777.27 
3104.55 
3104.55 
3104.55 
3104.55 
3104.55 
3104.55 
3104.55 
3104.55 
34 
31 
23 
14 
22 
8 
24 
23 
12 
16 
1 
1 
13 
14 
8 
0 
6 
2 
33 
31 
5 
0 
3 
21 
.21 
.29 
.88 
.66 
.83 
.10 
.31 
.25 
.39 
.84 
.68 
.58 
.08 
.84 
.44 
.74 
.20 
.24 
.04 
.27 
.29 
.07 
INTERNAL STANDARD ASSESSMENT 
(((STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS)-
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR SAMPLE RUNS))/ 
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS))*100 
% RSD=((ISRF(cal)-ISRF(samp))/ISRF(CAL))*100 
RESPONSE FACTORS DETERMINED BY EXTERNAL CALIBRATION RF=As/Cs 
INT. INTERNAL STANDARD CALIBRATIONS SUSPECT 
DATE CONC. SAMPLE 
File Analyzed Sample ug/L ATT RF STAND. RF Sample Date RF %RSD (>30% RSD) 
SL020 04/18 1FBMQ 0.44 4 3695.45 3695.45 CAL16 04/14 3104.55 19.03 
SL019 04/21 1FBG 0.44 4 3163.64 3163.64 CAL16 04/21 3129.55 1.09 
SL021 04/22 1T1 0.44 4 3000.00 3000.00 CAL23 04/21 3129.54 4.14 
SL022 04/22 1T1FD 0.44 4 2247.73 2247.73 CAL23 04/21 3129.54 28.18 
SL023 04/25 1P1 0 44 4 3163.64 3163.64 CAL23 04/25 2877.27 9.95 
SL024 04/25 1P11 0.44 4 3177.27 3177.27 CAL25 04/25 2877.27 10.43 
SL025 04/25 1P15 0.44 4 3315.91 3315.91 CAL25 04/25 2877.27 15.24 
SL026 04/26 1M12 0.44 4 3461.36 3461.36 CAL25 04/26 3354.55 3.18 
SLB27 04/26 1M22 0.44 4 1795.45 1795.45 CL25A 04/26 3354.55 46.48 S 
SL028 04/27 1M35 0.44 4 3350.00 3350.00 CL25A 04/27 3527.27 5.03 
SL029 04/27 1M45 0.44 4 3606.82 3606.82 CL25B 04/27 3527.27 2.26 
SL030 04/27 1D1 0.44 4 3611.36 3611.36 CL25B 04/27 3527.27 2.38 
SL031 04/27 2LBDI 0.44 4 3377.27 3377.27 CL25B 04/27 3527.27 4.25 
SL032 04/27 2LBDIP 0.44 4 3490.91 3490.91 CL25B 04/27 3527.27 1.03 
LB012 05/12 LB 0.44 32 2120.45 16963.64 CL25B 05/12 19527.30 13.13 
SL037 05/12 0.44 16 4534.09 18136.36 CAL29 05/12 19527.30 7.12 
SL038 05/12 2FB1 0.44 16 3920.45 15681.82 CAL29 05/12 19527.30 19.69 
SL039 05/16 2D1 0.44 16 4970.45 19881.82 CAL29 05/16 20600.00 3.49 
SL040 05/16 2FB2 0.44 16 5197.73 20790.91 CAL30 05/16 22836.40 8.96 
SL041 05/16 2FB3 0.44 16 5406.82 21627.27 CL30A 05/16 22227.30 2.70 
SL042 05/17 2T1 0.44 16 2672.73 10690.91 CL30A 05/16 16336.40 34.56 S 
SL043 05/18 2M10 0.44 16 4122.73 16490.91 CL30A 05/16 16336.40 0.95 
SL044 05/19 2M101 0.44 16 3593.18 14372.73 CL30A 05/16 16336.40 12.02 
INTERNAL STANDARD ASSESSMENT 
(((STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS)-
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR SAMPLE RUNS))/ 
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS))*100 
% RSD=((ISRF(cal)-ISRF(samp))/ISRF(CAL))*100 
RESPONSE FACTORS DETERMINED BY EXTERNAL CALIBRATION RF=As/Cs 
INT. INTERNAL STANDARD CALIBRATIONS SUSPECT 
DATE CONC. SAMPLE 
File Analyzed Sample ug/L ATT RF STAND. RF Sample Date RF %RSD (>30% RSD) 
SL045 05/19 2M93 0.44 16 4681.82 18727.27 CL30A 05/16 16336.40 14.64 
SL046 05/19 2M92 0.44 16 4377.27 17509.09 CL30A 05/16 16336.40 7.18 
SL047 05/20 2M6 0.44 16 5006.82 20027.27 CL30A 05/20 24763.40 19.13 
SL048 05/20 2M63 0.44 16 9188.64 36754.55 CAL33 05/20 24763.40 48.42 S 
SL049 05/20 2M9 0.44 16 6727.27 26909.09 CAL33 05/20 24763.40 8.66 
SL051 05/23 2L1 0.44 16 4343.18 17372.73 CAL33 05/23 23463.60 25.96 
SL052 05/23 2L2 0.44 16 4672.73 18690.91 CAL34 05/23 23463.60 20.34 
SL053 05/23 2L3 0.44 16 4418.18 17672.73 CAL34 05/23 23463.60 24.68 
SL054 05/23 2L4 0.44 16 4650.00 18600.00 CAL34 05/23 23463.60 20.73 
SL055 05/24 2L5 0.44 16 5234.09 20936.36 CAL34 05/24 26281.80 20.34 
SL056 05/24 2T2FD 0.44 16 5461.36 21845.45 CAL35 05/24 26281.80 16.88 
SL057 06/02 2FB2 0.44 16 9181.82 36727.27 CAL35 06/02 41490.90 11.48 
SL058 06/03 2M9 0.44 16 13259.09 53036.36 CAL36 06/02 41490.90 27.83 
SL059 06/03 2M92 0.44 16 9595.45 38381.82 CAL36 06/02 41490.90 7.49 
SL061 06/07 2M91 0.44 16 9738.64 38954.55 CAL36 06/06 47854.50 18.60 
SL063 06/07 2T1 0.44 16 3361.36 13445.45 CAL37 06/06 47854.50 71.90 s 
SL070 06/28 1P26 0.44 16 4434.09 17736.36 CAL37 06/28 23145.50 23.37 
SL071 06/28 1P23 0.44 16 6181.82 24727.27 CAL41 06/28 23145.50 6.83 
SL072 06/28 1M107 0.44 16 12018.18 48072.73 CAL41 06/28 23145.50 107.70 s 
SL073 06/28 1D2 0.44 16 7834.09 31336.36 CAL41 06/28 23145.50 35.39 s 
SL074 06/29 1M87 0.44 4 7636.36 7636.36 CAL41 06/29 7240.91 5.46 
SL075 06/29 1M97 0.44 4 5695.45 5695.45 CAL42 06/29 7240.91 21.34 
SL076 06/29 1T2 0.44 4 6981.82 6981.82 CAL42 06/29 7240.91 3.58 
INTERNAL STANDARD ASSESSMENT 
(((STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS)-
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR SAMPLE RUNS))/ 
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS))*100 
% RSD=((ISRF(cal)-ISRF(samp))/ISRF(CAL))*100 
RESPONSE FACTORS DETERMINED BY EXTERNAL CALIBRATION RF=As/Cs 
INT. INTERNAL STANDARD CALIBRATIONS SUSPECT 
DATE CONC. SAMPLE 
File Analyzed Sample ug/L ATT RF STAND. RF Sample Date RF %RSD (>30% RSD) 
SL077 06/30 2M9 0.44 4 4922.73 4922.73 CAL42 06/30 6295.45 21.81 
SL078 06/30 2M91 0.44 4 6088.64 6088.64 CAL43 06/30 6295.45 3.29 
SL079 06/30 2M92 0.44 4 5768.18 5768.18 CAL43 06/30 6295.45 8.38 
SL080 06/30 2M93 0.44 4 5690.91 5690.91 CAL43 06/30 6295.45 9.60 
SL081 07/01 2FB 0.44 4 7359.09 7359.09 CAL43 07/01 8672.73 15.15 
SL082 07/01 2FD1 0.44 4 7047.73 7047.73 CAL44 07/01 8672.73 18.74 
SL083 07/01 2T1 0.44 4 7111.36 7111.36 CAL44 07/01 8672.73 18.00 
SL084 07/01 2T1(2FD2) 0.44 4 6211.36 6211.36 CAL44 07/01 8672.73 28.38 
SL085 07/05 2M63 0.44 4 6936.36 6936.36 CAL44 07/01 8672.73 20.02 
SL086 07/05 2M101 0.44 4 8193.18 8193.18 CAL44 07/01 8672.73 5.53 
SL087 07/05 2M10 0.44 4 10209.09 10209.09 CAL44 07/01 8672.73 17.71 
SL088 07/05 2M102 0.44 4 9840.91 9840.91 CAL44 07/01 8672.73 13.47 
SL089 07/05 2FB1 0.44 4 7859.09 7859.09 CAL44 07/01 8672.73 9.38 
SL090 07/06 2L1 0.44 8 3470.45 6940.91 CAL44 07/06 6704.50 3.53 
SL091 07/06 2L2 0.44 8 3477.27 6954.55 CAL45 07/06 6704.50 3.73 
SL092 07/06 2L3 0.44 8 3520.45 7040.91 CAL45 07/06 6704.50 5.02 
SL093 07/06 2L5 0.44 8 3636.36 7272.73 CAL45 07/06 6704.50 8.48 
SL094 07/06 UM#10 0.44 8 1543.18 3086.36 CAL45 07/06 6704.50 53.97 S 
SL097 07/27 TANK#1 0.44 4 684.09 684.09 CAL45 07/27 1997.73 65.76 S 
SL098 07/27 TANK#2 0.44 4 461.36 461.36 CAL50 07/27 1997.73 76.91 S 
SL099 08/02 2FB1 0.44 4 881.82 881.82 CAL50 08/02 3318.18 73.42 S 
SL100 08/02 2L1,7:45P 0.44 4 1822.73 1822.73 CAL52 08/02 3318.18 45.07 S 
SL101 08/02 2L2,9:00P 0.44 4 1122.73 1122.73 CAL52 08/02 3318.18 66.16 S 
00 
INTERNAL STANDARD ASSESSMENT 
(((STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS)-
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR SAMPLE RUNS))/ 
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS))*100 
% RSD=((ISRF(cal)-ISRF(samp))/ISRF(CAL))*100 
RESPONSE FACTORS DETERMINED BY EXTERNAL CALIBRATION RF-As/Cs 
INT. INTERNAL STANDARD CALIBRATIONS SUSPECT 
DATE CONC. SAMPLE 
File Analyzed Sample ug/L ATT RF STAND. RF Sample Date RF %RSD (>30% RSD) 
SL102 08/03 2L3,9:00P 0.44 1213.64 1213.64 CAL52 08/03 1471.59 17.53 
SL103 08/03 2T1,12:00 0.44 90.91 90.91 CAL52 08/03 1471.59 93.82 S 
SL104 08/03 2T1,1:08 0.44 93.18 93.18 CAL52 08/03 1471.59 93.67 s 
SL105 08/03 2T1,4:10 0.44 63.64 63.64 CAL52 08/03 1471.59 95.68 s 
SL106 08/03 2T1,9:00 0.44 79.55 79.55 CAL52 08/03 1471.59 94.59 s 
SL107 08/08 2L1,12:00P 0.88 1067.05 1067.05 CAL52 08/08 1704.55 37,40 s 
SL108 08/08 2L2,12:10P 0.88 1330.68 1330.68 CAL53 08/08 1704.55 21.93 
SL109 08/08 2L1,5:30P 0.88 1538.64 1538.64 CAL53 08/08 1704.55 9.73 
SL146 08/08 2L1,1:00P 0.88 803.41 803.41 CAL53 08/08 1704.55 52.87 s 
SL110 08/09 2L1,7:30P 0.88 1285.23 1285.23 CAL53 08/08 1704.55 24.60 
SL111 08/09 2L1,10:10A 0.88 1418.18 1418.18 CAL53 08/08 1704.55 16.80 
SL112 08/09 2L2,5:45P 0.88 1245.45 1245.45 CAL53 08/08 1704.55 26.93 
SL113 08/09 2L2,9:50A 0.88 1420.45 1420.45 CAL53 08/08 1704.55 16.67 
SL114 08/09 2L3,12:30P 0.88 1243.18 1243.18 CAL53 08/08 1704.55 27.07 
SL115 08/09 2L3,7:30P 0.88 1403.41 1403.41 CAL53 08/08 1704.55 17.67 
SL116 08/09 2L3,10:22A 0.88 1012.50 1012.50 CAL53 08/08 1704.55 40.60 s 
SL148 08/09 2L3R,1:00 0.88 852.27 852.27 CAL53 08/08 1704.55 50.00 s 
SL118 08/10 2T1,1:00 0.88 120.45 120.45 CAL53 08/10 1302.27 90.75 s 
SL119 08/10 2T1,5:45 0.88 40.91 40.91 CAL53A 08/10 1302.27 96.86 s 
SL128 08/11 2L2,8:00P 0.88 706.82 706.82 CAL53A 08/11 2172.73 67.47 s 
SL129 08/11 2L2,11:00A 0.88 845.45 845.45 CAL53 08/11 2172.73 61.09 s 
SL130 08/11 2L2,2:00P 0.88 1052.27 1052.27 CAL53 08/11 2172.73 51.57 s 
SL131 08/11 2L2,11:30A 0.88 1022.73 1022.73 CAL53 08/11 2172.73 52.93 s 
INTERNAL STANDARD ASSESSMENT 
(((STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS)-
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR SAMPLE RUNS))/ 
(STANDARDIZED INTERNAL STANDARD RESPONSE FACTOR FOR CALIBRATION RUNS))*100 
% RSD=((ISRF(cal)-ISRF(samp))/ISRF(CAL))*100 
RESPONSE FACTORS DETERMINED BY EXTERNAL CALIBRATION RF=As/Cs 
File 
DATE 
Analyzed Sample 
INT. 
CONC. 
ug/L 
INTERNAL STANDARD 
ATT RF STAND. RF 
CALIBRATIONS 
Sample Date RF %RSD 
SUSPECT 
SAMPLE 
(>30% RSD) 
SL132 
SL133 
SL126 
SL127 
SL134 
SL135 
SL136 
SL137 
SL138 
SL140 
SL141 
SL142 
SL143 
SL144 
SL145 
SL147 
SL150 
SL151 
SL153 
SL154 
SL155 
SL156 
SL157 
08/11 
08/11 
08/12 
08/12 
08/12 
08/12 
08/12 
08/15 
08/15 
08/15 
08/16 
08/16 
08/16 
08/16 
08/16 
08/17 
08/23 
08/24 
08/24 
08/24 
08/25 
08/25 
08/25 
2L3.10.00A 
2L3,8:00P 
2L2,9:45A 
2L2,7:30 
2T1,9:10A 
2T1,8:00P 
2FD(2T1),8:30P 
2L1(2FD),2:00 
2L3(2FD1),11:00 
2L3,11:00A 
2L1.11:30A 
2L3.2.00 
2L3,11:30A 
2T1,2:00 
2T1,11:30 
2L2,1:00P 
1T1 
1T8 
1T6 
1T7 
2L1,11:00A 
2L2,11:00A 
2L3,11:00A 
0.88 
0.88 
0.88 
0.88 
1.32 
1.32 
1.32 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
0.88 
761.36 
688.64 
729.55 
1010.23 
170.45 
264.39 
218.94 
629.55 
707.95 
885.23 
642.05 
747.73 
818.18 
207.95 
123.86 
635.23 
76.14 
300.00 
405.68 
629.55 
1011.36 
740.91 
626.14 
761.36 
688.64 
729.55 
1010.23 
170.45 
264.39 
218.94 
629.55 
707.95 
885.23 
642.05 
747.73 
818.18 
207.95 
123.86 
635.23 
76.14 
300.00 
405.68 
629.55 
1011.36 
740.91 
626.14 
CAL53 
CAL53 
CAL53 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL54 
CAL55 
CAL56 
CAL56, 
CAL56, 
CAL56, 
CAL57 
CAL57 
08/11 
08/11 
08/12 
08/12 
08/12 
08/12 
08/12 
08/15 
08/15 
08/15 
08/16 
08/16 
08/16 
08/16 
08/16 
08/17 
08/23 
08/24 
08/24 
08/24 
08/25 
08/25 
08/25 
2172.73 
2172.73 
1305.68 
1305.68 
1305.68 
1305.68 
1305.68 
1103.41 
1103.41 
1103.41 
979.55 
979.55 
979.55 
979.55 
979.55 
653.41 
1504.55 
827.27 
894.32 
894.32 
981.82 
981.82 
981.82 
64.96 
68.31 
44.13 
22.63 
86.95 
79.75 
83.23 
42.95 
35.84 
19.77 
34.45 
23.67 
16.47 
78.77 
87.35 
2.78 
94.94 
63.74 
54.64 
29.61 
3.01 
24.54 
36.23 
t—» 
o 
INT. INTERNAL STANDARD CALIBRATIONS SUSPECT 
DATE CONC. SAMPLE 
File Analyzed Sample ug/L ATT RF STAND. RF Sample Date RF %RSD (>30% RSD) 
SL158 08/25 2L1(2FD) 0.88 4 735.23 735.23 CAL57 08/25 981.82 25.12 
SL159 08/25 2T1 0.88 4 910.23 910.23 CAL57 08/25 981.82 7.29 
SL161 08/25 2L3,12:00P 0.88 4 687.50 687.50 CAL57 08/25 981.82 29.98 
SL162 08/26 2L2,12:00P 0.88 4 605.68 605.68 CAL57 08/25 981.81 38.31 S 
SL163 08/26 2L1,12:00P 0.88 4 557.95 557.95 CAL57 08/25 981.81 43.17 s 
SL164 08/31 2L1 0.88 4 619.32 619.32 CAL57 08/31 787.50 21.36 
SL165 08/31 2L2 0.88 4 977.27 977.27 CAL58 08/31 787.50 24.10 
SL166 08/31 2L3 0.88 4 289.77 289.77 CAL58 08/31 787.50 63.20 s 
SL167 08/31 2T1 0.88 4 260.23 260.23 CAL58 08/11 787.50 66.96 s 
RESPONSE FACTORS DETERMINED BY EXTERNAL CALIBRATION RF=As/Cs 
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AREA OF ANALYTE PEAK RESPONSE FOR SAMPLES 
File Analysis 
Date 
Sample PEAK AREA 
Chlor C!3Eth Crbnt BDCM/TCE INT 
LB003 04/05 LB 650 78 51 452 
LB004 04/06 LB 514 573 
LB005 04/07 LB 493 58 528 
LB007 04/15 LB 527 142 686 
LB008 04/18 1LBDIP 146 132 471 
LB009 04/18 2LB0I 446 NQ 719 
LB010 04/18 2LBMQP 434 152 685 
LB011 04/18 SLBMQ 441 178 662 
LB012 05/12 LB 1220 933 
SL001 04/01 1FBC 912 59 548 
SL002 04/01 1FBG 1738 92 80 1093 
SL004 04/04 1FD (1L3) 1030 87 161 639 
SL006 04/04 1M23 769 324 454 
SL007 04/04 1M12 765 424 54 511 
SL008 04/04 1M35 789 355 53 507 
SL009 04/04 1M45 844 249 566 
SL010 04/06 1L1 887 56 57 546 
SL011 04/06 1D1 685 479 641 
SL012 04/06 1L3 710 81 63 642 
SL013 04/07 1P1 742 231 697 
SL015 04/07 1P16 883 71 122 557 
SL016 04/07 1L1 787 136 637 
SL017 04/12 1L2 849 171 668 
SL018 04/12 1L3 802 160 110 910 
SL019 04/21 1FBG 1145 1392 
SL020 04/18 1FBMQ 1335 1626 
SL021 04/12 1T1 2466 215 1320 
SL022 1T1FD 4561 280 989 
SL023 1P1 1258 643 566 1392 
SL024 1P11 1387 127 51 1398 
SL025 1P15 1313 219 1459 
SL026 1M12 1280 419 1523 
SLB27 1M22 1003 104 317 804 472 
SL028 1M35 1082 401 1474 
SL029 1M45 1155 193 1587 
SL030 1D1 1313 585 1589 
SL031 04/27 2LBDI 1194 182 152 1486 
SL032 04/27 2LBDIP 1094 149 1536 
SL033 04/29 2LBMQ 
SL034 04/29 2LBMQP 
SL037 05/12 2LB1 2501 163 1995 
SL038 05/12 2FB1 2611 128 1725 
SL039 05/11 2D1 3012 57 2187 
153 
AREA OF ANALYTE PEAK RESPONSE FOR SAMPLES 
File Analysis 
Date 
Sample PEAK AREA 
Chior CI3Eth Crbnt BDCM/TCE INT 
SUMO 05/16 2FB2 3139 171 61 2287 
SL041 05/16 2FB3 3212 130 72 2379 
SL042 05/11 2T1 3925 58 83 1176 
SL043 05/11 2M10 3073 120 69 1814 
SL044 05/11 2M101 2348 66 53 1581 
SL045 05/11 2M93 3319 81 72 2060 
SL046 05/11 2M92 2798 70 56 1926 
SL047 05/11 2M6 2845 102 65 2203 
SL048 05/11 2M63 4483 236 106 4043 
SL049 05/11 2M9 3724 127 90 2960 
SL051 05/11 2L1 2441 55 60 1911 
SL052 05/11 2L2 2849 54 76 2056 
SL053 05/11 2L3 2662 102 106 54 1944 
SL054 05/11 2L4 3080 95 60 2046 
SL055 05/11 2L5 2536 85 2303 
SL056 05/11 2T2FD 2930 84 2403 
SL057 06/02 2FB2 300 4040 
SL058 06/03 2M9 300 5834 
SL059 06/03 2M92 97 63 139 4222 
SL060 06/06 2FB1 
SL061 06/07 2M91 136 80 4285 
SL063 06/07 2T1 562 51 947 1479 
SL070 06/28 1P26 61 153 1951 
SL071 06/28 1P23 64 215 2720 
SL072 06/28 1M107 85 243 5288 
SL073 06/28 1D2 59 66 3447 
SL074 06/29 1M87 137 402 3360 
SL075 06/29 1M97 72 225 2506 
SL076 06/29 1T2 67 111 3072 
SL077 06/30 2M9 74 82 2166 
SL078 06/30 2M91 121 151 2679 
SL079 06/30 2M92 82 105 2538 
SL080 06/30 2M93 80 89 * 2504 
SL081 07/01 2FB 130 134 3238 
SL082 2FD1 134 114 3101 
SL083 07/01 2T1 505 119 3129 
SL084 2T1 (2FD2) 603 118 2733 
SL085 07/05 2M63 139 185 3052 
SL086 07/05 2M101 145 135 3605 
SL087 07/05 2M10 160 175 4492 
SL088 07/05 2M102 185 209 73 4330 
SL089 07/05 2FB1 110 132 3458 
SL090 07/06 2L1 63 80 1527 
AREA 
154 
OF ANALYTE PEAK RESPONSE FOR SAMPLES 
File Analysis 
Date 
Sample PEAK AREA 
Chlor C!3Eth Crbnt BDCM/TCE INT 
SL091 07/06 2L2 64 80 1530 
SL092 07/06 2L3 191 92 1549 
SL093 07/06 2L5 60 110 1600 
SL094 07/06 UM#10 50 65 679 
SL097 07/27 TANK#1 301 
SL098 07/27 TANK#2 38 203 
SL099 08/02 2FB1 42 31 388 
SL100 08/02 2L1,7:45P 282 107 802 
SL101 08/02 2L2,9:00P 25 76 494 
SL102 08/03 2L3,9:00P 86 534 
SL103 08/03 2T1,12:00 76 80 42 40 
SL104 08/03 2T1,1:08 118 84 41 
SL105 08/03 2T1,4:10 89 64 28 
SL106 08/03 2T1,9:00 114 82 35 
SL107 08/08 2L1,12:00P 939 
SL108 08/08 2L2,12:10P 119 92 25 1171 
SL109 08/08 2L1,5:30P 263 112 1354 
SL110 08/09 2L1,7:30P 109 99 1131 
SL111 08/09 2L1,10:10A 113 114 1248 
SL112 08/09 2L2,5:45P 124 100 1096 
SL113 08/09 2L2,9:50A 116 115 1250 
SL114 08/09 2L3,12:30P 1094 
SL115 08/09 2L3,7:30P 106 124 40 1235 
SL116 08/09 2L3,10:22A 51 31 891 
SL117 08/10 2T1,9:30 
SL118 08/10 2T1,1:00 52 55 106 
SL119 08/10 2T1,5:45 38 72 36 
SL120 08/10 2T1,7:30 
SL121 08/10 2L3(2FD),7:30 
SL126 08/12 2L2,9:45A 1046 38 642 
SL127 08/12 2L2,7:30 1511 70 43 889 
SL128 08/11 2L2,8:00P 757 37 26 622 
SL129 08/11 2L2,11:00A 1158 40 744 
SL130 08/11 2L2,2:00P 1289 50 36 926 
SL131 08/11 2L2,11:30A 1379 60 44 900 
SL132 08/11 2L3,10:00A 1278 66 36 670 
SL133 08/11 2L3,8:00P 772 34 35 606 
SL134 08/12 2T1,9:10A 1261 86 46 225 
SL135 08/12 2T1,8:00P 1723 54 49 349 
SL136 08/12 2FBL,8:30P 1733 58 49 289 
SL137 08/15 2L1 (2FD),2:00 830 28 32 554 
SL138 08/15 2L3(2FD1),11:00 920 41 33 623 
SL139 08/15 2T1 
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AREA OF ANALYTE PEAK RESPONSE FOR SAMPLES 
File PEAK AREA Sample 
Date 
Vs fNT] 
ug/l 
551 CONC. 
ug/l DBCM DBE PERC Brom DBCP 
LB003 165 35 0.22 0.2 
LB004 88 35 0.22 0.2 
LB005 114 35 0.22 0.2 
LB007 142 35 0.22 0.8 
LB008 70 04/18 35.494 0.2196 0.2 
LB009 126 04/18 35.494 0.2196 0.2 
LB010 134 04/18 35.494 0.2196 0.2 
LB011 104 04/18 35.494 0.2196 0.2 
LB012 87 35 0.44 0.4 
SL001 152 03/31 37.6 0.2048 0.2 
SL002 401 03/31 37.4 0.2058 0.2 
SL004 235 03/23 35.01 0.2035 0.2 
SL006 544 03/23 36.348 0.2118 0.2 
SL007 592 03/23 36.308 0.2121 0.2 
SL008 565 03/23 37.36 0.2061 0.2 
SL009 480 03/23 36.689 0.2099 0.2 
SL010 138 65 03/23 36.099 0.2133 0.2 
SL011 522 03/23 35.333 0.2179 0.2 
SL012 243 03/23 35.241 0.2185 0.2 
SL013 353 03/23 35.004 0.22 0.2 
SL015 226 128 03/23 35.465 0.2171 0.2 
SL016 121 04/08 35.546 0.2166 0.2 
SL017 151 04/08 35.365 0.2177 0.2 
SL018 172 04/08 35.756 0.2153 0.2 
SL019 201 35.141 0.4382 0.4 
SL020 281 35.262 0.4367 0.2 
SL021 403 04/08 35.49 0.4339 0.2 
SL022 465 04/08 36.043 0.4273 0.2 
SL023 995 04/08 34.953 0.4406 0.2 
SL024 435 04/08 34.758 0.4431 0.2 
SL025 575 04/08 34.904 0.4412 0.2 
SL026 690 04/08 35.059 0.4393 0.2 
SLB27 205 211 04/08 35.56 0.4331 0.2 
SL028 694 04/08 35.25 0.4369 0.2 
SL029 409 04/08 35.206 0.4374 0.2 
SL030 824 04/08 35.175 0.4378 0.2 
SL031 351 04/27 35.035 0.4396 0.4 
SL032 280 04/27 34.771 0.4429 0.4 
SL033 04/29 35.142 0.4382 0.4 
SL034 04/29 34.897 0.4413 0.4 
SL037 214 05/11 34.386 0.4479 0.4 
SL038 92 224 05/11 36.178 0.4257 0.4 
SL039 327 05/11 35.002 0.44 0.4 
157 
AREA OF ANALYTE PEAK RESPONSE FOR SAMPLES 
File PEAK AREA Sample 
Date 
Vs PNT] 
ug/l 
551 CONC. 
ug/l DBCM DBE PERC Brom DBCP 
SL040 385 05/11 35.812 0.43 0.4 
SL041 411 59 05/11 35.408 0.4349 0.4 
SL042 980 05/11 35.251 0.4369 0.4 
SL043 398 05/11 35.641 0.4321 0.4 
SL044 294 05/11 35.973 0.4281 0.4 
SL045 448 05/11 35.507 0.4337 0.4 
SL046 404 05/11 35.558 0.4331 0.4 
SL047 301 05/11 34.767 0.443 0.4 
SL048 589 05/11 35.038 0.4395 0.4 
SL049 500 05/11 35.182 0.4377 0.4 
SL051 312 05/11 35.351 0.4356 0.4 
SL052 412 05/11 35.133 0.4383 0.4 
SL053 315 05/11 35.562 0.433 0.4 
SL054 359 05/11 35.738 0.4309 0.4 
SL055 278 05/11 34.781 0.4428 0.4 
SL056 701 05/11 33.837 0.4551 0.4 
SL057 06/02 35.719 0.4311 0.4 
SL058 91 97 06/02 35.46 0.4343 0.4 
SL059 55 06/02 36.316 0.4241 0.4 
SL060 06/02 35.415 0.4348 0.4 
SL061 83 06/02 35.221 0.4372 0.4 
SL063 95 488 369 06/02 35.871 0.4293 0.4 
SL070 69 06/15 31.26 0.4926 0.4 
SL071 105 06/15 35.773 0.4305 0.4 
SL072 69 06/15 34.2 0.4503 0.4 
SL073 158 122 06/16 34.464 0.4468 0.4 
SL074 109 529 06/16 33.757 0.4562 0.4 
SL075 62 06/16 34.343 0.4484 0.4 
SL076 561 06/16 31.725 0.4854 0.4 
SL077 73 06/21 34.943 0.4407 0.4 
SL078 96 06/21 34.138 0.4511 0.4 
SL079 97 06/21 35.44 0.4345 0.4 
SL080 101 06/21 34.335 0.4485 0.4 
SL081 125 06/21 34.882 0.4415 0.4 
SL082 129 06/21 35.7 0.4314 0.4 
SL083 192 06/21 33.717 0.4567 0.4 
SL084 464 06/21 34.144 0.451 0.4 
SL085 147 06/21 36.346 0.4237 0.4 
SL086 172 06/23 34.692 0.4447 0.4 
SL087 112 06/23 34.695 0.4439 0.4 
SL088 287 06/23 34.741 0.4433 0.4 
SL089 60 06/23 34.736 0.4433 0.4 
SL090 656 06/23 35.575 0.4329 0.4 
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AREA OF ANALYTE PEAK RESPONSE FOR SAMPLES 
File PEAK AREA Sample 
Date 
Vs PNT| 
ug/l 
551 CONC. 
ug/l DBCM DBE PERC Brom DBCP 
SL091 70 06/23 34.761 0.443 0.4 
SL092 89 06/23 34.394 0.4478 0.4 
SL093 50 06/23 34.419 0.4474 0.4 
SL094 60 176 271 07/18 35.165 0.4379 0.4 
SL097 07/18 34.988 0.4402 0.4 
SL098 145 07/18 35.502 0.4338 0.4 
SL099 08/01 34.747 0.4432 0.4 
SL100 08/01 31.236 0.493 0.4 
SL101 37 08/01 35.241 0.437 0.4 
SL102 132 08/01 36.106 0.4265 0.4 
SL103 43 458 08/01 35.748 0.4308 0.4 
SL104 47 69 08/01 35.673 0.4317 0.4 
SL105 48 08/01 35.371 0.4354 0.4 
SL106 43 62 08/01 36.035 0.4274 0.4 
SL107 33 32 08/02 35.373 0.8676 0.4 
SL108 27 08/02 35.118 0.877 0.4 
SL109 46 08/02 34.895 0.8826 0.4 
SL110 32 43 08/03 35.273 0.8732 0.4 
SL111 56 29 08/03 34.707 0.8874 0.4 
SL112 0.0446 08/02 34.679 0.8881 0.4 
SL113 215 08/03 34.567 0.891 0.4 
SL114 08/02 33.193 0.9279 0.4 
SL115 08/03 34.438 0.8944 0.4 
SL116 08/03 32.274 0.9543 0.4 
SL117 08/03 34.795 0.8852 0.4 
SL118 50 08/02 34.559 0.8912 0.4 
SL119 41 43 08/02 34.683 0.888 0.4 
SL120 08/03 35.041 0.879 0.4 
SL121 08/02 35.351 0.8713 0.4 
SL126 38 08/04 35.262 0.8735 0.4 
SL127 210 08/03 34.287 0.8983 0.4 
SL128 123 08/04 35.014 0.8796 0.4 
SL129 44 29 08/04 34.454 0.8837 0.4 
SL130 38 08/06 35.248 0.8738 0.4 
SL131 61 08/08 34.571 0.8909 0.4 
SL132 224 08/04 34.097 0.9033 0.4 
SL133 155 08/04 34.776 0.8857 0.4 
SL134 42 90 08/04 35.802 1.2904 0.4 
SL135 258 2042 08/04 34.827 1.3266 0.4 
SL136 235 26 08/04 34.785 1.3282 0.4 
SL137 139 08/06 34.512 0.8924 0.4 
SL138 31 08/05 35.7 0.8627 0.4 
SL139 08/05 34.64 0.8891 0.4 
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AREA OF ANALYTE PEAK RESPONSE FOR SAMPLES 
File PEAK AREA Sample 
Date 
Vs [INTl 
ug/l 
551 CONC. 
ug/l DBCM DBE PERC Brom DBCP 
SL140 54 08/05 35.329 0.8669 0.4 
SL141 41 08/08 35.038 0.879 0.4 
SL142 36 08/06 34.205 0.9005 0.4 
SL143 44 08/08 34.768 0.8859 0.4 
SL144 426 496 08/06 34.667 0.8885 0.4 
SL145 61 57 08/08 34.213 0.9002 0.4 
SL146 29 08/10 34.73 0.8868 0.4 
SL147 26 08/10 35.655 0.8638 0.4 
SL148 44 08/10 36.161 0.8517 0.4 
SL149 08/10 35.503 0.8675 0.4 
SL150 35 48 2330 08/10 36.666 0.84 0.4 
SL151 311 3254 08/10 36.472 0.8445 0.4 
SL152 08/10 36.026 0.8549 0.4 
SL153 201 2575 08/10 36.377 0.8467 0.4 
SL154 185 980 08/10 37.262 0.8266 0.4 
SL155 201 08/12 36.454 0.8449 0.4 
SL156 29 08/12 36.11 0.8529 0.4 
SL157 08/12 36.349 0.8473 0.4 
SL158 34 08/12 36.36 0.8471 0.4 
SL159 40 2994 08/12 36.674 0.8398 0.4 
SL160 08/10 36.026 0.8549 0.4 
SL160 08/10 36.026 0.8549 0.4 
SL161 146 08/16 36.608 0.8413 0.4 
SL162 26 08/16 36.349 0.8473 0.4 
SL163 08/16 36.497 0.8439 0.4 
SL164 63 08/18 35.894 0.8581 0.4 
SL165 40 08/18 35.875 0.8585 0.4 
SL166 08/18 36.24 0.8499 0.4 
SL167 208 60 08/18 36.423 0.8456 0.4 
Actual Concentrations (Corrected for Background Concentrations) 
Ca=Cc-Cb 
Detection Limits (ug/l) 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysis Sample Chlor CI3Eth Crbnt 3DCM/TCE INT DBCM DBE Perc Brom DBCP 
Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
SL03S 05/10 LB <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0 027 <0.016 
LB001 03/30 LB-no IS <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
LB003 04/05 LB <0.328 <0.113 <0.036 <0.022 0.216 <0.015 <0.024 <0.176 <0.027 <0.016 
LB004 04/06 LB <0.328 <0.113 <0.036 <0.022 0.192 <0.015 <0.024 <0.176 <0.027 <0.016 
LB005 04/07 LB <0.328 <0.113 <0.036 <0.022 0.189 <0.015 <0.024 <0.176 <0.027 <0.016 
LB007 04/15 LB <0.328 <0.113 <0.036 <0.022 0.603 <0.015 <0.024 <0.176 <0.027 <0.016 
LB008 04/18 1LBDIP <0.328 <0.113 <0.036 <0.022 0.171 <0.015 <0.024 <0.176 <0.027 <0.016 
LB009 04/18 2LBDI <0.328 <0.113 <0.036 <0.022 0.261 <0.015 <0.024 <0.176 <0.027 <0.016 
LB010 04/18 2LBMQP <0.328 <0.113 <0.036 <0.022 0.249 <0.015 <0.024 <0.176 <0.027 <0.016 
LB011 04/18 SLBMQ <0.328 <0.113 <0.036 <0.022 0.241 <0.015 <0.024 <0.176 <0.027 <0.016 
LB012 05/12 LB <0.328 <0.113 <0.036 <0.022 0.381 <0.015 <0:024 <0.176 <0.027 <0.016 
SL001 04/01 1FBC <0.328 <0.113 <0.036 <0.022 0.134 <0.015 <0.024 <0.176 <0.027 <0.016 
SL002 04/01 1FBQ <0.328 <0.113 <0.036 <0.022 0.269 <0.015 <0.024 <0.176 <0.027 <0.016 
SL004 03/23 1FD (1L3) <0.328 <0.113 <0.036 0.032 0.176 <0.015 <0.024 <0.176 <0.027 <0.016 
SL006 03/23 1M23 <0.328 <0.113 <0.036 <0.022 0.120 <0.015 <0.024 <0.176 <0.027 <0.016 
SL007 03/23 1M12 <0.328 <0.113 <0.036 <0.022 0.136 <0.015 <0.024 <0.176 <0.027 <0.016 
SL008 03/23 1M35 <0.328 <0.113 <0.036 <0.022 0.131 <0.015 <0.024 <0.176 <0.027 <0.016 
SL009 03/23 1M45 <0.328 <0.113 <0.036 <0.022 0.149 <0.015 <0.024 <0.176 <0.027 <0.016 
SL010 03/23 1L1 <0.328 <0.113 <0.036 <0.022 0.146 <0.015 <0.024 <0.176 <0.027 0.017 
SL011 03/23 1D1 <0.328 0.123 <0.036 <0.022 0.175 <0.015 <0.024 <0.176 <0.027 <0.016 
SL012 03/23 1L3 <0.328 <0.113 <0.036 <0.022 0.176 <0.015 <0.024 <0.176 <0.027 <0.016 
SL013 03/23 1P1 <0.328 <0.113 <0.036 <0.022 0.192 <0.015 <0.024 <0.176 <0.027 <0.016 
SL015 03/23 1P16 <0.328 <0.113 <0.036 0.022 0.151 <0.015 <0.024 <0.176 <0.027 0.036 
SL016 04/08 1L1 <0.328 <0.113 <0.036 <0.022 0.225 <0.015 <0.024 <0.176 <0.027 <0.016 
SL017 04/08 1L2 <0.328 <0.113 <0.036 <0.022 0.237 <0.015 <0.024 <0.176 <0.027 <0.016 
SL018 04/08 1L3 <0.328 <0.113 <0.036 <0.022 0.320 <0.015 <0.024 <0.176 <0.027 <0.016 
SL019 04/21 1FBG <0.328 <0.113 <0.036 <0.022 0.442 <0.015 <0.024 <0.176 <0.027 <0.016 
SL020 04/18 1FBMQ <0.328 <0.113 <0.036 <0.022 0.596 <0.015 <0.024 <0.176 <0.027 <0.016 
SL021 04/08 1T1 <0.328 <0.113 <0.036 <0.022 0.468 <0.015 <0.024 <0.176 <0.027 <0.016 
SL022 04/08 1T1FD 0.656 <0.113 <0.036 <0.022 0.345 <0.015 <0.024 <0.176 <0.027 <0.016 
Actual Concentrations (Corrected for Background Concentrations) 
Ca=Cc-Cb 
Detection Limits (ug/l) 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysis Sample Chlor CI3Eth Crbnt 3DCM/TCE INT DBCM DBE Perc Brom DBCP 
Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
SL023 04/08 1P1 <0.328 0.268 <0.036 0.127 0.501 <0.015 <0.024 0.225 <0.027 <0.016 
SL024 04/08 1P11 <0.328 <0.113 <0.036 <0.022 0.506 <0.015 <0.024 <0.176 <0.027 <0.016 
SL025 04/08 1P15 <0.328 <0.113 <0.036 <0.022 0.526 <0.015 <0.024 <0.176 <0.027 <0.016 
SL026 04/08 1M12 <0.328 0.164 <0.036 <0.022 0.547 <0.015 <0.024 <0.176 <0.027 <0.016 
SLB27 04/08 1M22 <0.328 <0 113 0.070 0.180 0.166 0.039 <0.024 <0.176 <0.027 <0.016 
SL028 04/08 1M35 <0.328 0.154 <0.036 <0.022 0.526 <0.015 <0.024 <0.176 <0.027 <0.016 
SL029 04/08 1M45 <0.328 <0.113 <0.036 <0.022 0.567 <0.015 <0.024 <0.176 <0.027 <0.016 
SL030 04/08 1D1 <0.328 0.240 <0.036 <0.022 0.568 <0.015 <0.024 0.180 <0.027 <0.016 
SL031 04/27 2LBDI <0.328 <0.113 <0.036 <0.022 0.420 <0.015 <0.024 <0.176 <0.027 <0.016 
SL032 04/27 2LBDIP <0.328 <0.113 <0.036 <0.022 0.437 <0.015 <0.024 <0.176 <0.027 <0.016 
SL033 04/27 2LBMQ <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0:024 <0.176 <0.027 <0.016 
SL034 04/27 2LBMQP <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL037 05/12 2LB1 <0.328 <0.113 <0.036 <0.022 0.831 <0.015 <0.024 <0.176 <0.027 <0.016 
SL038 05/12 2FB1 <0.328 <0.113 <0.036 <0.022 0.683 0.017 <0.024 <0.176 <0.027 <0.016 
SL039 05/11 2D1 <0.328 <0.113 <0.036 <0.022 0.895 <0.015 <0.024 <0.176 <0.027 <0.016 
SL040 05/16 2FB2 <0.328 <0.113 <0.036 <0.022 0.433 <0.015 <0.024 <0.176 <0.027 <0.016 
SL041 05/16 2FB3 <0.328 <0.113 <0.036 <0.022 0.422 <0.015 <0.024 <0.176 <0.027 <0.016 
SL042 05/11 2T1 0.427 <0.113 <0.036 <0.022 0.477 <0.015 <0.024 0.195 <0.027 <0.016 
SL043 05/11 2M10 <0.328 <0.113 <0.036 <0.022 0.729 <0.015 <0.024 <0.176 <0.027 <0.016 
SL044 05/11 2M101 <0.328 <0.113 <0.036 <0.022 0.629 <0.015 <0.024 <0.176 <0.027 <0.016 
SL045 05/11 2M93 0.344 <0.113 <0.036 <0.022 0.831 <0.015 <0.024 <0.176 <0.027 <0.016 
SL046 05/11 2M92 <0.328 <0.113 <0.036 <0.022 0.776 <0.015 <0.024 <0.176 <0.027 <0.016 
SL047 05/11 2M6 <0.328 <0.113 <0.036 <0.022 0.908 <0.015 <0.024 <0.176 <0.027 <0.016 
SL048 05/11 2M63 0.504 <0.113 <0.036 <0.022 1.654 <0.015 <0.024 <0.176 <0.027 <0.016 
SL049 05/11 2M9 0.402 <0.113 <0.036 <0.022 1.206 <0.015 <0.024 <0.176 <0.027 <0.016 
SL051 05/11 2L1 <0.328 <0.113 <0.036 <0.022 0.774 <0.015 <0.024 <0.176 <0.027 <0.016 
SL052 05/11 2L2 <0.328 <0.113 <0.036 <0.022 0.838 <0.015 <0.024 <0.176 <0.027 <0.016 
SL053 05/11 2L3 <0.328 <0.113 <0.036 <0.022 0.783 <0.015 <0.024 <0.176 <0.027 <0.016 
SL054 05/11 2L4 <0.328 <0.113 <0.036 <0.022 0.820 <0.015 <0.024 <0.176 <0.027 <0.016 
SL055 05/11 2L5 <0.328 <0.113 <0.036 <0.022 0.949 <0.015 <0.024 <0.176 <0.027 <0.016 
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Actual Concentrations (Corrected for Background Concentrations) 
Ca=Cc-Cb 
Detection Limits (ug/l) 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysis Sample Chlor CI3Eth Crbnt 3DCM/TCE INT DBCM DBE Perc Brom DBCP 
Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
SL159 08/25 2T1 0.679 0.157 <0.036 <0.022 0.778 <0.015 <0.024 <0.176 <0.027 1.761 
SL160 08/09 1T4 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL160 08/24 1T4R <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL161 08/25 2L3,12:00P <0.328 <0.113 0.053 <0.022 0.588 <0.015 <0.024 <0.176 <0.027 <0.016 
SL162 08/26 2L2.12.00P <0.328 <0.113 <0.036 <0.022 0.414 <0.015 <0.024 <0.176 <0.027 <0.016 
SL163 08/26 2L1,12:00P <0.328 <0.113 <0.036 <0.022 0.380 <0.015 <0.024 <0.176 <0.027 <0.016 
SL164 08/31 2L1 <0.328 <0.113 <0.036 <0.022 0.674 <0.015 <0.024 0.180 <0.027 <0.016 
SL165 08/31 2L2 <0.328 <0.113 <0.036 <0.022 1.065 <0.015 <0.024 <0.176 <0.027 <0.016 
SL166 08/31 2L3 <0.328 <0.113 <0.036 <0.022 0.312 <0.015 <0.024 <0.176 <0.027 <0.016 
SL167 08/31 2T1 <0.328 <0.113 <0.036 <0.022 0.279 <0.015 <0.024 0.645 <0.027 0.038 
Statistics based 
only on samples Mean Cc 0.0315 0.0080 0.0015 0.0025 0.4435 0.0008 0.0002 0.0222 0.0028 0.0829 
with detectable STD Cc 0.1188 0.0385 0.0086 0.0178 0.3076 0.0064 0.0021 0.1424 0.0192 0.3613 
analytes 
ON 
DETECTABLE SAMPLES AND THEIR ANALYTE CONCENTRATIONS (UG/L) 
File Analysis Sample Sample Chlor CI3Eth Crbnt BDCM/TCE DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
Values shown on y if they exceed detection limits 
SL011 03/23 03/23 1D1 0.123 
SL030 04/08 04/08 1D1 0.240 0.180 
SL073 06/28 06/16 1D2 0.050 
SL004 03/23 03/23 1FD (1L3) 0.032 
SL010 03/23 03/23 1L1 0.017 
SL026 04/08 04/08 1M12 0.164 
SLB27 04/08 04/08 1M22 0.070 0.180 0.039 
SL028 04/08 04/08 1M35 0.154 
SL074 06/29 06/16 1M87 0.161 
SL023 04/08 04/08 1P1 0.268 0.127 0.225 
SL015 03/23 03/23 1P16 0.022 0.036 
SL038 05/12 05/11 2FB1 0.017 
SL107 08/08 08/02 2L1,12:00P 0.073 
SL111 08/09 08/03 2L1,10:10A 0.067 
SL110 08/09 08/03 2L1,7:30P 0.099 
SL146 08/08 08/10 2L1,1:00P 0.067 
SL158 08/25 08/12 2L1(2FD) 0.037 
SL164 08/31 08/18 2L1 0.180 
SL101 08/02 08/01 2L2,9:00P 0.018 
SL130 08/11 08/06 2L2,2:00P 0.356 
SL131 08/11 08/08 2L2,11:30A 0.396 
SL147 08/17 08/10 2L2,1:00P 0.038 
SL102 08/03 08/01 2L3,9:00P 0.070 
SL132 08/11 08/04 2L3,10:00A 0.367 0.264 
SL161 08/25 08/16 2L3.12.00P 0.053 
SL048 05/11 05/11 2M63 0.504 
SL049 05/11 05/11 2M9 0.402 
SL045 05/11 05/11 2M93 0.344 
SL042 05/11 05/11 2T1 0.427 0.195 
SL063 06/07 06/02 2T1 0.034 0.070 
SL103 08/03 08/01 2T1,12:00 1.886 
SL104 08/03 08/01 2T1,1:08 0.283 
DETECTABLE SAMPLES AND THEIR ANALYTE CONCENTRATIONS (UG/L) 
File Analysis Sample Sample Chlor CI3Eth Crbnt BDCM/TCE DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
SL105 08/03 08/01 2T1,4:10 0.198 
SL106 08/01 08/01 2T1,9:00 0.031 
SL118 08/10 08/02 2T1,1:00 0.104 
SL119 08/10 08/02 2T1,5:45 0.089 
SL134 08/12 08/04 2T1,9:10A 0.038 
SL135 08/12 08/04 2T1,8:00P 0.940 
SL144 08/16 08/06 2T1,2:00 0.463 0.040 1.612 2.199 
SL145 08/16 08/08 2T1,11:30 0.211 0.254 
SL159 08/25 08/12 2T1 0.679 0.157 1.761 
SL167 08/31 08/18 2T1 0.645 0.038 
SL022 04/08 04/08 1T1FD 0.656 
SL153 08/24 08/10 1T6 1.736 
SL154 08/24 08/10 1T7 0.644 
SL151 08/24 08/10 1T8 0.384 0.157 2.377 
SL098 07/27 07/18 TANK#2 0.145 
SL094 07/18 07/06 UM#10 0.026 0.161 
MEAN 0.453 0.180 0.048 0.079 0.042 0.026 0.439 0.111 0.570 
STD 0.111 0.049 0.013 0.063 0.022 0.000 0.466 0.051 0.787 
COUNT 11 7 5 5 3 1 8 4 23 
%detected 6.962 4.430 3.165 3.165 1.899 0.633 5.063 2.532 14.557 
Lab Blank Concentrations from External Standard Calibration 
Cs=(Ces/(Aes*ATTcal/4))*(As*(ATTsmp/4)) 
File Analysis Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP Volume ATT ATTcal 
Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l Vs sample 
LB003 04/05 LB 0.117 0.022 0027 0.197 0.001 0.003 0.044 0.003 0.001 35 4 
LB004 04/06 LB 0077 0002 0004 0.004 0.175 0.001 0.002 0.018 0.002 0.001 35 4 
LB005 04/07 LB 0.083 0002 0004 0.014 0.173 0.001 0.002 0.029 0.002 0.010 35 4 
LB007 04/15 LB 0 181 0093 0012 0021 0.549 0.002 0.005 0.051 0.004 0.003 35 
LB008 04/18 1LBDIP 0022 0.033 0003 0002 0.158 0.002 0.017 0.013 0.001 0.002 35494 4 
LB010 04/18 2LBMQP 0064 0.037 0007 0.001 0.230 0.001 0.002 0.025 0.001 0.002 35.494 4 
LB011 04/18 SLBMQ 0.065 0044 0012 0001 0223 0.001 0.002 0.019 0.001 0.002 35.494 4 
SL031 04/27 2LBDI 0 182 0060 0.023 0001 0.383 0.001 0.001 0058 0.002 0.001 35.035 4 
SL035 05/10 LB 0.032 0001 0.000 0.000 0.000 0.001 0.001 0002 0.002 0.000 35 8 32 
LB001 03/30 LB-no IS 0.062 0.005 0.002 0.020 0.001 0.001 0.002 0.006 0.002 0.002 35 4 4 
MEAN 00884 00301 00095 0.0070 0.2090 0.0012 0.0036 0.0264 0.0019 0.0023 
STD. DEV. 0.0526 0.0287 0.0086 0.0082 0.1543 0.0005 0.0044 0.0181 0.0011 0.0027 
DETECTION LIMITS BASED ON EACH LAB BLANK 
File Analysi Sample Chlor CI3Eth Crbnt BDCM/TC INT DBCM DBE Perc Brom DBCP 
Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
LB003 04/05 LB 0.316 0.051 0.063 0.036 0.008 0.012 0.232 0.018 0.009 
LB004 04/06 LB 0.250 0.007 0.014 0.013 0.008 0.012 0.110 0.018 0.009 
LB005 04/07 LB 0.240 0.007 0.014 0.041 0.008 0.012 0.160 0.018 0.071 
LB007 04/15 LB 0.256 0.186 0.034 0.036 0.008 0.012 0.199 0.018 0.009 
LB008 04/18 1LBDIP 0.071 0.173 0.012 0.015 0.023 0.113 0.098 0.018 0.009 
LB010 04/18 2LBMQP 0.211 0.199 0.034 0.004 0.008 0.012 0.188 0.018 0.009 
LB011 04/18 SLBMQ 0.214 0.233 0.054 0.004 0.008 0.012 0.146 0.018 0.009 
SL031 04/27 2LBDI 0.581 0.238 0.122 0.004 0.008 0.012 0.493 0.018 0.009 
SL035 05/10 LB 0.929 0.013 0.008 0.007 0.012 0.067 0.025 0.084 0.114 0.018 
LB001 03/30 LB-no IS 0.213 0.022 0.010 0.058 0.006 0.008 0.012 0.046 0.018 0.009 
MEAN 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
STD 0.2344 0.0955 0.0338 0.0185 0.0030 0.0179 0.0300 0.1188 0.0288 0.0184 
Chlor CI3Eth Crbnt BDCM/TC INT DBCM DBE Perc Brom DBCP 
ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
MEAN DETECTION LIMITS 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
ON VO 
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Piezometers, lysimeters, and monitoring wells were installed at each of the 3 different study 
sites. A coding system was developed to organize the samples according to site location, instrument 
type, specific instrument number, and if necessary, the specific multi-level sampling port. 
A list of the study sites and their numerical codes is as follows: 
1 Missoula - North, South 
2 Frenchtown 
Letters were assigned to designate the type or location of the sampling device: 
D - Domestic wells 
L - Lysimeters, used to obtain water from soil above the water table 
M - Monitoring wells, can be either single-level or multi-level, and are used to obtain 
groundwater samples 
P - Piezometers, are shallow, low-flow monitoring wells whose main function is to 
obtain water levels, but may be used to obtain groundwater samples 
T - Septic tanks 
An example of the coding system is sample 2D1, which would be a Frenchtown domestic 
well designated as number 1. Another example would be 1T2, which would be a Missoula site septic 
tank designated as number 2. A multi-level monitoring well example would be 2M91, where the last 
digit, "1" in this case, designates the specific multi-level sampling port associated with the 
Frenchtown monitoring well designated as number 9 No more than 7 multi-level ports were at­
tached to any of the monitoring wells. Boring logs, well completion logs and descriptions of all 
designs for monitoring wells, piezometers, and lysimeters are in Woessner et al., (1996). 
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Multi-level monitoring wells included a central two-inch diameter PVC slotted screen and 
riser pipe and a group (bundle) of 0.5-inch diameter high density polyethylene tubing attached to the 
outside of the casing (Woessner et al., 1996). The tubes varied in length and were open ended and 
slotted (manually perforated) from the base of the tube to 0.25 feet up from the bottom of the tube. 
A nylon screen (fine mesh spray paint screen) was attached to the bottom of the tubes to prevent 
fine-grained material from entering the well. 
The suction lysimeters were constructed of 1.5-inch ID schedule 40 PVC pipe with a porous 
ceramic cup glued to the bottom. A rubber stopper with two holes sealed the top of the PVC pipe. 
Glass tubes were inserted within both holes and a length of polyethylene tubing was attached to one 
of the tubes and extended to the bottom of the lysimeter. The other tube remained open to allow air 
to be pumped out of the lysimeter creating a vacuum. Sand packs and bentonite seals were used 
similar to standard monitoring well construction. Complete details of both monitoring well and 
lysimeter construction are presented in Woessner et al., (1996). 
One well installation technique involved a 3-inch diameter hand-augered hole. A second 
well installation technique involved placing monitoring wells in boreholes drilled by a mobile drill 
rig using 4.25-inch inner diameter (ID) hollow-stem augers (Woessner et al., 1996). Complete 
details of both monitoring well and lysimeter installation are presented in Woessner et al., (1996). 
A three-inch diameter hand auger was used to auger boreholes ranging from 3.5 to 9-feet deep 
(Woessner et al., 1996). 
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Ground water samples were collected from each 0.5-inch ID multi-level monitoring well and 
their main 2-inch ID casing, domestic well and piezometer. A standard sampling procedure for wells 
was to evacuate three well volumes of water prior to obtaining the sample. This was accomplished 
when domestic wells were sampled by allowing an outside faucet to discharge for the necessary 
length of time (at least three to ten minutes). The 2-inch ID monitoring wells were purged with a 
Teflon coated bailer prior to pumping. The piezometers were purged by inserting either a 0.125-inch 
or 0.25-inch diameter polyethylene tubing into the 0.5-inch or 1.25-inch monitoring wells, 
respectively, and pumping out the calculated volume of water with a peristaltic pump immediately 
prior to sampling. Sampling of lysimeters and the septic tanks did not require purging. Samples 
were pumped directly from the tank and the lysimeter. 
Pumped water samples were allowed to flow into an in-line 1000-ml flow through cell or an 
overflowing 250 ml beaker until stabilization of the following chemical parameters: pH, dissolved 
oxygen, temperature, specific conductance and Eh, occurred. An Orion Triode pH electrode was 
used with an Orion model 290A pH/ISE meter to measure pH, temperature, and specific conductance 
according to EPA Method 150.1. Eh was measured with an Orion Platinum Redox electrode and 
Orion pH/ISE meter model 290A. Dissolved Oxygen was measured with an Orion model 082010 
DO. electrode and Orion model 820 oxygen meter. 
The 125-ml anion and cation samples were filtered through a 0.45-fim filter. The cation 
sample was acidified with trace metal grade nitric acid to bring the pH of the sample to 2.0. A third 
125-ml unfiltered sample was used for alkalinity and ammonia analysis. The ground water samples 
were cooled to 4 degrees Celsius until analysis. All sampling equipment was rinsed thoroughly with 
deionized water between collection of each sample. Beakers and tubing were acid washed and 
tubing was autoclaved at the completion of each sampling day. 
Samples were obtained for the analysis of Fecal Coliform Bacteria according to EPA method 
210.1. Samples were collected in sterilized, autoclavable polyethylene bottles and stored at 4-
degrees Centigrade until analyzed later that day (within 8 hours of collection). 
Water samples for organic analysis were collected according to EPA standards published in 
Method 551 (Hodgeson and Cohen, 1990). Samples were obtained from domestic wells by first 
purging the well casing of three well volumes and then obtaining samples from a frost-free faucet 
at a flow rate of 1.01/min. Samples collected from septic tanks, piezometers, monitoring wells, and 
lysimeters were obtained via peristaltic pump and polyethylene tubing. A low flow rate for purging 
was used during sampling of monitoring wells, lysimeters, and septic tanks (about 1.0 1/min.) 
(Barcelona et al., 1994). A 40-ml screw-top fused-silica vial with a PTFE-faced silicone septum was 
used to hold each water sample. Sample bottles were amended with a dechlorination reagent, 
ammonium chloride. Sample bottles were filled completely to eliminate headspace losses of volatile 
compounds. Samples were stored at 4°C until prepared for analysis in the lab. All samples were 
analyzed within 14 days of collection. 
Appendix E 
Laboratory methods for EPA Method 551 (Hodgeson and Cohen, 1990). Here is a 
summary procedure of the laboratory methods used for sample preparation and analysis. 
1) discard 5-ml of the sample and weigh the vial, cap and sample. 
2) Spike the sample with the l,l-Dichloro-2-propanone internal standard 
(volume varied over analysis period, but the concentration was usually 
0.44 fig/1). 
3) Add 8 g of NaCl to the sample bottle, recap and dissolve by inverting 
the vial and shaking vigorously. 
4) Add 2 ml of MTBE with a transfer pipet. Replace vial cap and invert. 
Shake by hand for 1 minute, allowing the water and MTBE phases to 
separate (approx. 2 min.) 
5) Transfer a portion of the Organic MTBE phase from the 40-ml vial to 
an autosampler vial with a disposable Pasteur pipet. 
6) Discard the contents of the sample vial, dry the vial, and weigh vial 
and cap. 
7) Calculate the net weight of the sample to the nearest 0.1 g by the 
difference in the two measurements. This net weight in grams is 
equivalent to the volume of water extracted, Vs. 
8) Inject 2.0 |xl of the extract from the autosampler vial into a GC 
equipped with a fused silica capillary column (DB-1) and linearized 
electron capture detector for separation and analysis. 
A Perkin-Elmer Sigma 300a Gas Chromatographer with an DB-1 electron capture 
detector was used for the analyses. 
Household Product Survey 
Product Name Organic Compounds Product Type 
1 120 Day Plus Auto Toilet Cleaner 
2 2000 Flushes Toilet Cleaner 
3 409 
4 409 Glass & Surface 
5 Ace Hardware 2 Ton Epoxy 
6 Ace Hardware 5 Minute Epoxy 
7 Ace Hardware Acetone 
8 Ace Hardware Boiled Linseed Oil 
9 Ace Hardware Brush and Roller Cleaner 
10 Ace Hardware Contact Cement 
11 Ace Hardware Denatured Alcohol 
12 Ace Hardware Extra Strength Stripper 
13 Ace Hardware Furniture Refrisher 
14 Ace Hardware Heavy Bodied Stripper 
15 Ace Hardware Heavy Duty Blacktop & Concrete Cleaner 
16 Ace Hardware Lacquer Thinner 
17 Ace Hardware Liquid Stripper 
18 Ace Hardware Liquid Stripper 
19 Ace Hardware Methylene Chloride Free Stripper 
20 Ace Hardware Paint Thinner 
21 Ace Hardware Plastic Welder 
22 Ace Hardware Pure Gum Turpentine 
23 Ace Hardware Super Glue 
24 Ace Hardware Thick Liquid Toilet Bowl Cleaner 
25 Ace Hardware Wax Stripper (no rinse) 
26 Afta Spot Remover by Guardsman 
27 Air wick Botanicals 
28 Alcoa 
29 Arm & Hammer Natural Fresh Carpet Deodorizer 
30 Arm & Hammer Pet Fresh Carpet Deodorizer 
31 Arm & Hammer Potpourri Fresh Carpet Deodorizer 
32 Armor All 
33 Armour All Car Wax 
Methylene Chloride 
Methylene Chloride 
Methylene Chloride 
Methylene Chloride 
Toilet Bowl Cleaner 
Toilet Bowl Cleaner 
General Cleaners 
General Cleaners 
Adhesive 
Adhesive 
Paint\ Stripper 
Paint\ Stripper 
Varnish, paint, stain remover 
Adhesive 
Paint\ Stripper 
Varnish, paint, stain remover 
Varnish, paint, stain remover 
Varnish, paint, stain remover 
Remover 
Varnish, paint, stain remover 
Varnish, paint, stain remover 
Paint\ Stripper 
Varnish, paint, stain remover 
Paint\ Stripper &Thinner 
Adhesive 
Paint\ Stripper 
Adhesive 
Toilet Bowl Cleaner 
Wax Remover 
Spot Remover 
Carpet Deodorizer 
Carpet Deodorizer 
Carpet Deodorizer 
Auto 
Product Name 
34 Armour All Protectant 
35 Armstrong Floor Cleaner 
36 Automotive Goop 
37 Bar Keepers Friend Cleanser & Polisher 
38 Barge All Purpose Cement 
39 Behold 
40 Bissell Upholstery Shampoo 
41 Bix Stripper 
42 Bon Ami 
43 Bondo Liquid Hardener 
44 Brite 
45 Bruce 5 Minute Wax and Acrylic 
46 CLR Calcium, Lime, and Rust Remover 
47 Carpet Science 
48 Carpet Science Spot & Stain Remover 
49 Castrol Super Clean 
50 Cling Surface Belt Dressing 
51 Clorox Clean-up 
52 Clorox Stain Out Pre-Wash Stain Remover 
53 Clorox Stain Out Stick 
54 Clorox Toilet Bowl Cleaner 
55 Clorox Toilet Cleaner 
56 Coffee Clean 
57 Comet Bathroom Cleaner 
58 Comet Pine Bathroom Cleaner 
59 Comet non-Abrasive Limescale Remover 
60 Corning Cleaner and Conditioner 
61 Crystal Vanish 
62 Crystal Vanish Toilet Bowl Cleaner 
63 Cutes Non-Acetone Nail Polish Remover 
64 Cutex Instant Nail Polish Remover 
65 Cutex Nail Strengthening Nail Polish Remover 
66 Cutex Regular Nail Polish Remover 
Product Survey 
Organic Compounds Product Type 
Floor Cleaner/Polish 
tetrachloroethylene 
Adhesive 
Varnish, paint, stain remover 
Floor Cleaner/Polish 
Carpet spot remover 
Auto 
General Cleaners 
Laundry Stain Remover 
Laundry Stain Remover 
toilet 
Toilet Bowl Cleaner 
Bath\Kitchen Cleaners 
Bath\Kitchen Cleaners 
Bathroom Cleaners 
toilet 
Finger Nail Polish Remover 
Finger Nail Polish Remover 
Finger Nail Polish Remover 
Finger Nail Polish Remover 
Product Name 
67 DOW Heavy Duty Oven Cleaner 
68 Dap Metal Mender 
69 Dap Weldwood Carpenter's Glue 
70 Dap Weldwood Cleaner and Thinner 
71 Dap Weldwood Contact Cement 
72 Dap Weldwood Hobby n' Craft Glue 
73 Dap Weldwood the original Contact Cement 
74 Dap Wood Dough 
75 De Mert Nail Enamel Dryer 
76 De-Solv-lt 
77 Devcon 
78 Devcon 2 Ton Epoxy 
79 Devcon Duco Cement 
80 Devcon Duco Fix-Um 
81 Devcon Duco Plastic & Model Cement 
82 Devcon Super Glue 
83 Devcon White 2 Ton Epoxy 
84 Dip-it Coffee Pot Cleaner 
85 Dispoz-AII Liquid Drain Cleaner Conditioner 
86 Dow Bathroom Cleaner Scrubbing Bubbles 
87 Dow Bathroom Cleaner and Disinfectant 
88 Drain Care Bathroom Drain Opener 
89 Drano 
90 Drano Build-up Remover 
91 Drano Build-up Remover 
92 Drano Crystal 
93 Drano Plus 
94 Duck (Bathroom Duck) 
95 Duck (Mildew Duck) 
96 Duck (Toilet Duck) 
97 Duro Black Plastic Rubber 
98 Duro Contact Cement 
99 Duro DeDend 2 Industrial Strenath Adhesive 
Product Survey 
Organic Compounds Product Type 
Oven Cleaner 
Adhesive 
VOC's Adhesive 
1,1,1 -T richloroethane Cleaner, Tthinner 
1,1,1 -T richloroethane Adhesive 
VOC's Adhesive 
VOC's Adhesive 
Adhesive 
Finger Nail Polish Remover 
degreaser,tar,adhesive remover 
Adhesive 
Adhesive 
Adhesive 
Adhesive 
Adhesive 
Adhesive 
Bath\Kitchen Cleaners 
BathVKitchen Cleaners 
drain opener 
drain opener 
Toilet Bowl Cleaner 
drain opener 
Bath\Kitchen Cleaners 
Bath\Kitchen Cleaners 
Toilet Bowl Cleaner 
Adhesive 
Adhesive 
AHhoeiv/o 
Household Product Survey 
Product Name Organic Compounds Product Type 
100 Duro Household Cement Adhesive 
101 Duro Master Mend Epoxy Adhesive 
102 Duro Master Mend Epoxy Metal & Concrete Repair Adhesive 
103 Duro Master Mend Epoxy Superior Strength Adhesive 
104 Duro Non-Flammable Fast Drying Contact Cement 1,1,1 -T richloroethane Adhesive 
105 Duro Quick Gel Adhesive 
106 Duro Quick Gel No Run Super Glue Adhesive 
107 Duro Safe Contact Cement Adhesive 
108 Duro Super Glue Adhesive 
109 Duro Super Glue for Wood and Leather Adhesive 
110 Duro White Plastic Rubber Adhesive 
111 E-Z Weld Multi-Repair Epoxy Putty Adhesive 
112 Eagle 1 One Tire Cleaner 
113 Easy Off Fume Free Oven Cleaner Oven Cleaner 
114 Easy Off Heavy Duty Oven Cleaner Oven Cleaner 
115 Elmer's Contact Cement Adhesive 
116 Elmer's Glue All Adhesive 
117 Elmer's New Concrete Bonder Adhesive 
118 Elmer's Super Fast Epoxy Cement Adhesive 
119 Elmer's Wonder Bond Plus Super Glue Adhesive 
120 Energine Spot Remover Spot Remover 
121 Enforcer Drain Care 
122 Enforcer Septic Tank Treatment Septic 
123 Fantastik General Cleaners 
124 Favor 
125 Fing'rs Finger Nail Polish Remover 
126 Finish 2001 Car Polish 
127 Formby's Conditioning Furniture Refinishing Varnish, paint, stain remover 
128 Formby's Furniture Cleaner 1,1,1-TCA Stain remover 
129 Formula 409 Glass and Surface Glass Cleaners 
130 Future Floor Cleaner/Polish 
131 Future 
13? ftlaHe 
Household Product Survey 
Product Name Organic Compounds Product Type 
133 Glade Carpet & Root Deodorizer 
134 Glamorene "Check My Price" Spray 'n Vac 
135 Glass Plus 
136 Glory Rug Cleaner Light Potpourri Scent 
137 Gold Eagle Wonder Wash Window Scum Remover 
138 Gold Seal Glass Wax 
139 Gole Eagle Fuel Injector Cleaner 
140 Goo Gone 
141 Goof Off The Ultimate Remover 
142 Gumount Carb & Choke Cleaner 
143 Gumout Carb & fuel injector cleaner 
144 Gumout Xtra 1 Tank Carb Cleaner 
145 Gumout Xtra Fuel Injector Cleaner 
146 Gunk Air Intake Cleaner 
147 Gunk Carb Medic 
148 Gunk Diesel Fuel Conditioner 
149 Gunk Electric Motor Contact and Brake Cleaner 
150 
151 Gunk Engine Brite 
152 Gunk Foamy engine brite 
153 Gunk G-P general purpose degreaser 
154 Gunk Heavy Duty Silicone Spray Lubricant 
155 Gunk Heavy Duty Spray Lubricant 
156 Gunk Liquid Wrench Super Lubricant 
157 Gunk Liquid Wrench Super Lubricant 
158 Gunk Liquid Wrench Super Penetrant 
159 Gunk S-C super concentrate degreaser 
160 Gunk Stop Slip Belt Dressing 
161 Gunk Swaab spot concrete spot remover 
162 Gunk tar & bug remover 
163 Hagerty Jewel-Clean 
164 Household Goop 
165 Iron Out Mr. Roebic Liquid Drain Cleaner 
Carpet Deodorizer 
Glass Cleaners 
grease,gum,tar remover 
Remover 
Auto Carb & fuel Inj. 
Carb and Fuel injector 
Auto Carb & fuel Inj. 
Auto Carb & fuel Inj. 
Auto Carb & fuel Inj. 
Carb,choke,valve cleaner 
Methylene Chloride 
and Perchloroethylene 
engine degreaser 
Auto Part Lubricant 
? Auto Part Lubricant 
? Auto Part Lubricant 
Auto Part Lubricant 
? 
Chlorinated solvents 
Tetrachloroethylene Adhesive 
Household Product Survey 
Product Name Organic Compounds Product Type 
166 J B Weld 
167 Jasco Adhesive Clean-Up 
168 Jubilee Kitchen Wax and Cleaner 
169 K-37 Roebic Septic Tank Treatment 
170 K-47 Roebic Cesspool Treatment 
171 K-57 Roebic Septic Tank and Cesspool Cleaner 
172 K-67 Roebic Bacterial Drain & Trap Cleaner 
173 K-77 Roebic Root Killer 
174 K2r Spot-Lifter 
175 Kiwi Boat Shoe Cream 
176 Kiwi Clean and Gleam 
177 Kiwi Elite 
178 Kiwi Leather Dye 
179 Kiwi Liquid Wax 
180 Kiwi Scuff Magic 
181 Kiwi Shoe Polish 
182 Kiwi Shoe White 
183 Kiwi Sneaker Renew 
184 Kiwi Sneaker Sheild 
185 Kiwi Sneaker White 
186 Kiwi Sport & Shoe 
187 Kiwi Western Boot Dressing 
188 Kiwi Wet Pruf 
189 Klean Strip Klean-Clean Dried Latex Paint Clean-Up 
190 Klean Strip Sprayable Paint Remover 
191 Krazy Glue 
192 Krazy Glue (Instant) Extra Strength Gel 
193 Krazy Glue (Instant) Wood & Leather 
194 LPS 2 Industrial Strength Lubricant 
195 Lee Fancy Fingers 
196 Lime-A-Way Bathroom Cleaner 
197 Lime-A-Way Extra Hardwater Stain Remover 
198 Lime-Awav Extra 
Aliphatics 
Remover 
Methylene Chloride 
Septic 
Septic 
Septic 
Septic 
Septic 
Spot Remover 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Shoe Polish\Dyes 
Remover 
64742-96-7 
Adhesive 
Adhesive 
Finger Nail Polish Remover 
toilet 
toilet 
bathroom 
Product Name 
199 Lime-Away Impact 
200 Liquid Plummer 
201 Liquid Plummer Build-up Remover 
202 Liquid Plumr Fast Action 
203 Liquid Plumr Professional Strength 
204 Locktite Plastix Advanced Plastic Bonder 
205 Loctite Poxy Pouches 
206 Loctite Rearview Mirror Adhesive 
207 Loctite Weld Cold Weld Bonding Compound 
208 Love My Carpet Carpet and Room Deodorizer 
209 Lysol Antibacterial Kitchen Cleaner 
210 Lysol Basin, Tub and Tile Cleaner 
211 Lysol Cling Thick Liquid Toilet Bowl Cleaner 
212 Lysol Concentrate 
213 Lysol Disinfectant Spray 
214 Lysol Foaming Disinfectant Tub & Tile Cleaner 
215 Lysol Fresh Country Scent 
216 Lysol Hard Water Stain Clean 
217 Lysol Toilet Bowl Cleaner 
218 Marvel Mystery Oil 
219 Mop & Glow 
220 Mop and Glo 
221 Motsenbocker's Lift off 1,2,3 
222 Mr. Clean All Purpose Cleaner 
223 Mr. Clean Bathroom 
224 Mr. Clean Mountain Falls 
225 Mr. Clean Pine 
226 Mr. Muscle Oven Cleaner 
227 Mr. Roebic Liquid Drain Cleaner 
228 Murphy's Oil Soap Household Cleaner 
229 Nailene 
230 No Touch Tire Care 
231 No. 7 Heavy Duty Rubbing Compound 
Product Survey 
Organic Compounds Product Type 
basin, tub, and tile cleaner 
drain opener 
drain opener 
drain opener 
Adhesive 
1,1,1-trichloroethane 
Carpet Deodorizer 
BathVKitchen Cleaners 
Bath\Kitchen Cleaners 
toilet 
General Cleaners 
Bath\Kitchen Cleaners 
General Cleaners 
Bathroom Cleaners 
toilet 
Floor Cleaner/Polish 
Chlorinated Solvents degrease.spot&adhes. remover 
Bathroom Cleaners 
Bathroom Cleaners 
Bathroom Cleaners 
Bathroom Cleaners 
Oven Cleaner 
Finger Nail Polish Remover 
Household Product Survey 
Product Name Organic Compounds Product Type 
232 Noxon 7 Metal Polish 
233 OdorCide 
234 Old English Furniture Polish 
235 Old English Red Oil 
236 Old English Scratch Cover 
237 Old English Scratch Cover 
238 Permatex Brake $ Parts Cleaner 
239 Permatex Chain Lube 
240 Permatex Extend Destroys Rust 
241 Permatex Gasket Remover 
242 Permatex Motor Muscle Carb and Choke Cleaner 
243 Permatex Steel and Aluminum Auto Epoxy Resin 
244 Permatex Super Weather Strip Adhesive 
245 Permatex Super Weather Strip Adhesive 
246 Pine-Sol 
247 Pine-Sol 
248 Pledge 
249 Pledge 
250 Pledge Household Cleaner 
251 Pliobond General Purpose Adhesive 
252 Porso Brite 
253 Power Off Spray and Wipe 
254 Power Plumber 
255 Pro-Care Clean-up 
256 Pro-Care Fuel Injector Cleaner 
257 Pro-Care Stay Clean 
258 Pyroil Fuel Injector & Carb Cleaner 
259 Quality Care Bathroom Cleaner 
260 Quality Care Foaming Rug Cleaner 
261 Quantum FP Gold Eagle Fuel Injector Purge Formula 
262 Quick Tite Super Glue 
263 Quicktite 
264 Quicktite Super Glue 
1,1,1-TCA & Perc 
Wood Cleaner\Polish 
Wood Cleaner\Polish 
Adhesive 
Adhesive 
Adhesive 
Bathroom Cleaners 
General Cleaners 
Wood Cleaner\Polish 
Adhesive 
Bath/kitchen 
engine deposit remover 
Auto 
Adhesive 
Adhesive 
Household Product Survey 
Product Name Organic Compounds Product Type 
265 Quicktite Super Glue Gel 
266 RIT All Purpose Concentrated Tint & Dye 
267 RIT Color Remover 
268 RIT Liquid Dye 
269 RIT Rust Remover 
270 RIT Super Stain Remover Fabric Treatment 
271 RIT Whitener & Brightener Fabric Treatment 
272 Rain Dance Car Wash Super Concentrated 
273 Rain Dance Liquid Car Wax 
274 Rain Dance Premium Paste Wax 
275 Rally Car Wax 
276 Red Devil Wax-Off Floor Cleaner 
277 Regina Steamer Professional Spot & Stain Precleaner 
278 Renuzit 
279 Resolve Carpet Cleaner Advanced Formula 
280 Resolve Fabris & Upholstery Cleaner 
281 Resolve Foam Carpet Cleaner 
282 Resolve High Traffic Granules 
283 Resolve Self-Cleaning Foam Carpet Cleaner 
284 Rid-X Septic System Treatment 
285 Right Out All Purpose Spot Remover 
286 Roebic Iron and Rust Stain Remover 
287 Rooto Commercial Drain Cleaner 
288 Rooto Crystals of Household Drainer 
289 Rooto Household Drain Cleaner 
290 Ross Glue Stick 
291 Ross Purple Stick 
292 Ross Rubber Cement 
293 Ross Ultra Super Glue 
294 Rotex Overcoat All Correction Fluid 
295 Rroebic Toilet Bowl Cleaner 
296 Rug Doctor Steam Cleaning Products 
297 SOS Glass Cleaner 
Aliphatic HC's 
Aliphatic HC's 
Adhesive 
Dye 
Dye 
Dye 
Dye 
Dye 
Dye 
Car Wax 
Car Wax 
Car Wax 
Car Wax 
Carpet Cleaner 
Upholstery Cleaner 
Carpet Cleaner 
Carpet Cleaner 
septic 
Adhesive 
Adhesive 
Adhesive 
Adhesive 
Glass Cleaners 
Household Product Survey 
Product Name Organic Compounds Product Type 
298 SOS Oven Cleaner 
299 STP Carb Spray Cleaner 
300 STP Carb Spray Cleaner 
301 STP Fuel Injector & Carburetor Cleaner 
302 STP Super Concentrated Fuel Injector Cleaner 
303 Sally Hansen Hard as Nails 
304 San-Teen Delimer and Toilet Bowl Cleaner 
305 Sani-Flush Powder Toilet Bowl Cleaner 
306 Sani-Flush Thick Liquid Toilet Bowl Cleaner 
307 Scotch Brite 
308 Scotch Gaurd Fabric Protector 
309 Scotch Gaurd Upholstery Protector 
310 Scotch-Guard Fabric Protector 
311 Scotch-Guard Rug Cleaner 
312 Scotch-Guard Upholstery Cleaner 
313 Scott's Liquid Gold Wood Cleaner and Preservative 
314 Scrub Free One 
315 Seal All 
316 Septonic 
317 Shoe Goo 
318 Shoe Goo 
319 Shout Concentrated Gel 
320 Shout Liquid 
321 Shout Spray 
322 Shout Stick 
323 Shur Fine Nail Polish Remover 
324 Shur Fine Pine Disinfectant 
325 Shurfine Glass Cleaner 
326 Simonize Chrome Cleaner 
327 Simonize Super Blue Liquid Car Wax 
328 Simonize Tuff Stuff Multi-Purpose Foam Cleaner 
329 Snap Carb & Choke Cleaner 
330 Snap Gas Treatment 
Oven Cleaner 
Auto Carb Cleaner 
Auto Carb Cleaner 
Auto Carb Cleaner 
Auto Carb Cleaner 
Finger Nail Polish Remover 
toilet 
toilet 
Flourinated Aliphatics 
Wood Cleaner\Polish 
Bath\Kitchen Cleaners 
Adhesive 
septic 
Tetrachloroethylene Adhesive 
Laundry Stain Remover 
Laundry Stain Remover 
Laundry Stain Remover 
Laundry Stain Remover 
Finger Nail Polish Remover 
Bathroom Cleaners 
Glass Cleaners 
Auto 
perchloroethane 
Product Name 
331 Soft Scrub 
332 Spic & Span Basin, Tub, and Tile Cleaner 
333 Spic & Span Cinch 
334 Spic & Span Cinch 
335 Spic and Span Ultra 
336 Spic n' Span 
337 Spic n' Span Pine 
338 Spot Shot Carpet Spot Remover 
339 Spray & Wash Lemon 
340 Spray & Wash Regular 
341 Spray & Wash Spray with Foaming Action 
342 Spray & Wash Stain Stick 
343 Startex Boiled Linseed Oil 
344 Startex Gum Turpentine 
345 Startex Paint Thinner 
346 Startex Paint thinner 
347 Step Save 
348 Tilex Instant Mildew Remover 
349 Tilex Soap Scum Remover 
350 Treewax Instant Wax Stripper 
351 Treewax Non-slip Wax 
352 Tri-Flow Superior Lubrication w/ Teflon 
353 Tro-Flow Superior Lubricant 
354 Turtle Wax One Step Color Back 
355 Turtle Wax Super Hard Shell Car Wax 
356 Turtle Wax Upholstery Cleaner for 
357 Vinyl & Fabric Protector 
358 Turtle Wax Zip Wax Car Wash 
359 Turtle Wax bug & tar & tree sap remover 
360 Turtle Wax non-Abrasive Car Wax 
361 Ty D-Bol Automatic Toilet Cleaner 
362 Vanish Automatics Toilet Cleaner 
363 Vanish Dropins Automatic Toilet Cleaner 
Product Survey 
Organic Compounds Product Type 
Bathroom Cleaners 
General Cleaners 
Bathroom Cleaners 
General Cleaners 
General Cleaners 
General Cleaners 
Carpet Spot Remover 
Laundry Stain Remover 
Laundry Stain Remover 
Laundry Stain Remover 
Laundry Stain Remover 
Floor Cleaner/Polish 
Bath\Kitchen Cleaners 
Auto Wax/Tar & bug Remover 
Auto Wax/Tar & bug Remover 
Auto Wax/Tar & bug Remover 
Auto Wax/Tar & bug Remover 
Auto Wax/Tar & bug Remover 
Auto Wax/Tar & bug Remover 
Toilet Bowl Cleaner 
Toilet Bowl Cleaner 
Toilet Bowl Cleaner 
Household Product Survey 
Product Name Organic Compounds Product Type 
364 Vanish Mildew Plus 
365 Vanish Thick Liquid Toilet Bowl Cleaner 
366 Victor Rubber Cement 
367 WD-40 
368 Weiman Wood Furniture Soap 
369 Westley's Bleche-white Tire Cleaner 
370 Westley's Espree' Wheel Magic 
371 Whink Glass Cookware and Cook-top Cleaner 
372 Whink Rust Stain Remover 
373 Windex Glass Cleaner 
374 Windex Glass and Surface Cleaner 
375 Wizard 
376 Wood Plus 
377 Woolite Cod Water Wash 
378 Woolite Deep Cleaning Rug Cleaner 
379 Woolite Pet Stain Eliminator Rug Cleaner 
380 Woolite Self Cleaning Rug Cleaner 
381 Woolite Tough Stain Rug Cleaner 
382 X-14 Mineral Rust Remover 
383 X-14 Soap Scum Remover 
384 X-14 Soap scum remover 
385 X-14 instant mildew stain remover 
386 Xtra- Pine 
387 Zip-Strip (non-flammable) Original Formula 
388 Zip-Strip Water Rinsable Paint Varnish&Finish Remover 
389 Zynolyte Hold it Spray Adhesive 
Toilet Bowl Cleaner 
Adhesive 
Wood Cleaner\Polish 
methylene chloride 
Glass Cleaners 
Glass Cleaners 
Wood Cleaner\Polish 
Carpet Cleaner 
Carpet Cleaner 
Carpet Cleaner 
Bathroom Cleaners 
stain remover 
Bathroom Cleaners 
Paint, Varnish Remover 
Paint, Varnish Remover 
Adhesive 
OO 
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Proparod by: Formby's. Inc. Oalo: July I. IMS 
Summary of Organic Compound Concentrations 
Organized by Sample Type 
Detection Limits (ugi 1) 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysi Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
Missoula Domestic Wells 
SL011 03/23 03/23 1D1 <0.328 0.123 <0.036 <0.022 0.175 <0.015 <0.024 <0.176 <0.027 <0.016 
SL030 04/08 04/08 1D1 <0.328 0.240 <0.036 <0.022 0.568 <0.015 <0.024 0.180 <0.027 <0.016 
SL073 06/28 06/16 1D2 <0.328 <0.113 <0.036 <0.022 0.604 <0.015 <0.024 <0.176 0.050 <0.016 
Samples c etected 0.000 2.000 0.000 0.000 0.000 0.000 1.000 1.000 0.000 
# of Samples 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
% sample; 
I 
i Detected 0.00 66.67 0.00 0.00 0.00 0.00 0.00 33.33 33.33 0.00 
Missoula Lysimeters 
SL010 03/23 03/23 1L1 <0.328 <0.113 <0.036 <0.022 0.146 <0.015 <0.024 <0.176 <0.027 0.017 
SL016 04/08 04/08 1L1 <0.328 <0.113 <0.036 <0.022 0.225 <0.015 <0.024 <0.176 <0.027 <0.016 
SL017 04/08 04/08 1L2 <0.328 <0.113 <0.036 <0.022 0.237 <0.015 <0.024 <0.176 <0.027 <0.016 
Samples c etected 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 
# of Samples 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
% samples Detected 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 33.33 
Missoula Lyslmeters-Background 
SL012 03/23 03/23 1L3 <0.328 <0.113 <0.036 <0.022 0.176 <0.015 <0.024 <0.176 <0.027 <0.016 
SL018 04/08 I 04/08 1L3 <0.328 <0.113 <0.036 <0.022 0.320 <0.015 <0.024 <0.176 <0.027 <0.016 
Samples c etected 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
# of Samples 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 
% sample: > Detected 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Summary of Organic Compound Concentrations 
Organized by Sample Type 
Detection Limits (ug ") 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysi Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
Missoula Groundwa ter 
SL072 06/28 06/15 1M107 <0.328 <0.113 <0.036 <0.022 0.934 <0.015 <0.024 <0.176 <0.027 <0.016 
SLB27 04/08 04/08 1M22 <0.328 <0.113 0.070 0.180 0.166 0.039 <0.024 <0.176 <0.027 <0.016 
SL006 03/23 03/23 1M23 <0.328 <0.113 <0.036 <0.022 0.120 <0.015 <0.024 <0.176 <0.027 <0.016 
SL008 03/23 03/23 1M35 <0.328 <0.113 <0.036 <0.022 0.131 <0.015 <0.024 <0.176 <0.027 <0.016 
SL028 04/08 04/08 1M35 <0.328 0.154 <0.036 <0.022 0.526 <0.015 <0.024 <0.176 <0.027 <0.016 
SL009 03/23 03/23 1M45 <0.328 <0.113 <0.036 <0.022 0.149 <0.015 <0.024 <0.176 <0.027 <0.016 
SL029 04/08 04/08 1M45 <0.328 <0.113 <0.036 <0.022 0.567 <0.015 <0.024 <0.176 <0.027 <0.016 
SL074 06/29 06/16 1M87 <0.328 <0.113 <0.036 <0.022 0.480 <0.015 <0.024 <0.176 0.161 <0.016 
SL075 06/29 06/16 1M97 <0.328 <0.113 <0.036 <0.022 0.352 <0.015 <0.024 <0.176 <0.027 <0.016 
SL013 03/23 03/23 1P1 <0.328 <0.113 <0.036 <0.022 0.192 <0.015 <0.024 <0.176 <0.027 <0.016 
SL023 04/08 04/08 1P1 <0.328 0.268 <0.036 0.127 0.501 <0.015 <0.024 0.225 <0.027 <0.016 
SL024 04/08 04/08 1P11 <0.328 <0.113 <0.036 <0.022 0.506 <0.015 <0.024 <0.176 <0.027 <0.016 
SL025 04/08 04/08 1P15 <0.328 <0.113 <0.036 <0.022 0.526 <0.015 <0.024 <0.176 <0.027 <0.016 
SL015 03/23 03/23 1P16 <0.328 <0.113 <0.036 0.022 0.151 <0.015 <0.024 <0.176 <0.027 0.036 
SL071 06/28 06/15 1P23 <0.328 <0.113 <0.036 <0.022 0.459 <0.015 <0.024 <0.176 <0.027 <0.016 
SL070 06/28 06/15 1P26 <0.328 <0.113 <0.036 <0.022 0.377 <0.015 <0.024 <0.176 <0.027 <0.016 
Samples ci etected 0 2 1 3 1 0 1 1 1 
# of Samples 16 16 16 16 16 16 16 16 16 16 
% samples Detected 0.00 12.50 6.25 18.75 0.00 6.25 0.00 6.25 6.25 6.25 
Missoula 
North Site-Groundwater-Backc round 
SL007 03/23 03/23 1M12 <0.328 <0.113 <0.036 <0.022 0.136 <0.015 <0.024 <0.176 <0.027 <0.016 
SL026 04/08 04/08 1M12 <0.328 0.164 <0.036 <0.022 0.547 <0.015 <0.024 <0.176 <0.027 <0.016 
SL011 03/23 03/23 1D1 <0.328 0.123 <0.036 <0.022 0.175 <0.015 <0.024 <0.176 <0.027 <0.016 
SL030 04/08 04/08 1D1 <0.328 0.240 <0.036 <0.022 0.568 <0.015 <0.024 0.180 <0.027 <0.016 
Summary of Organic Compound Concentrations 
Organized by Sample Type 
Detection Limits (ug 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysi Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
Samples c etected 0 3 0 0 0 0 1 0 0 
# of Samples 4 4 4 4 4 4 4 4 4 4 
% samples Detected 0 75 0 0 0 0 0 25 0 0 
Frenchtown Lysime ers 
SL051 05/11 05/11 2L1 <0.328 <0.113 <0.036 <0.022 0.774 <0.015 <0.024 <0.176 <0.027 <0.016 
SL090 07/06 06/23 2L1 <0.328 <0.113 <0.036 <0.022 0.447 <0.015 <0.024 <0.176 <0.027 <0.016 
SL164 08/31 08/18 2L1 <0.328 <0.113 <0.036 <0.022 0.674 <0.015 <0.024 0.180 <0.027 <0.016 
SL158 08/25 08/12 2L1(2FD) <0.328 <0.113 0.037 <0.022 0.633 <0.015 <0.024 <0.176 <0.027 <0.016 
SL137 08/15 08/06 2L1(2FD),2:0 <0.328 <0.113 <0.036 <0.022 0.508 <0.015 <0.024 <0.176 <0.027 <0.016 
SL111 08/09 08/03 2L1,10:10A <0.328 <0.113 <0.036 <0.022 0.737 <0.015 <0.024 <0.176 <0.027 0.067 
SL155 08/25 08/12 2L1,11:00A <0.328 <0.113 <0.036 <0.022 0.869 <0.015 <0.024 <0.176 <0.027 <0.016 
SL141 08/16 08/08 2L1,11:30A <0.328 <0.113 <0.036 <0.022 0.575 <0.015 <0.024 <0.176 <0.027 <0.016 
SL107 08/08 08/02 2L1,12:00P <0.328 <0.113 <0.036 <0.022 0.544 <0.015 <0.024 <0.176 <0.027 0.073 
SL163 08/26 08/16 2L1,12:00P <0.328 <0.113 <0.036 <0.022 0.380 <0.015 <0.024 <0.176 <0.027 <0.016 
SL146 08/08 08/10 2L1,1:00P <0.328 <0.113 <0.036 <0.022 0.417 <0.015 <0.024 <0.176 <0.027 0.067 
SL109 08/08 08/02 2L1,5:30P <0.328 <0.113 <0:036 <0.022 0.796 <0.015 <0.024 <0.176 <0.027 <0.016 
SL110 08/09 08/03 2L1,7:30P <0.328 <0.113 <0.036 <0.022 0.658 <0.015 <0.024 <0.176 <0.027 0.099 
SL100 08/02 08/01 2L1,7;45P <0.328 <0.113 <0.036 <0 022 0.270 <0.015 <0.024 <0.176 <0.027 <0.016 
SL052 05/11 05/11 2L2 <0.328 <0.113 <0.036 <0.022 0.838 <0.015 <0.024 <0.176 <0.027 <0.016 
SL091 07/06 06/23 2L2 <0.328 <0.113 <0.036 <0.022 0.459 <0.015 <0.024 <0.176 <0.027 <0.016 
SL165 08/31 08/18 2L2 <0.328 <0.113 <0.036 <0.022 1.065 <0.015 <0.024 <0.176 <0.027 <0.016 
SL129 08/11 08/04 2L2,11:00A <0.328 <0.113 <0.036 <0.022 0.347 <0.015 <0.024 <0.176 <0.027 <0.016 
SL156 08/25 08/12 2L2,11:00A <0.328 <0.113 <0.036 <0.022 0.643 <0.015 <0.024 <0.176 <0.027 <0.016 
SL131 08/11 08/08 2L2,11:30A 0.396 <0.113 <0.036 <0.022 0.419 <0.015 <0.024 <0.176 <0.027 <0.016 
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 C M O N O C M N G O ^ O n c * ) M C D t - 0 0 ( 0 ( N J C D O N < O t - T f C M i O ( M f l O  
C O O ^ ( n t - C M C M O C N r - U ) 0 ) C O C N r ) ( O n t - ^ l O ^ ( O r - ^ T - 0 ^  
T—T— •— T— T— •— R— T— 00^"T-T— T— T— R— T— T-T— T—T— r- T —  T —  
—I —I I 1 I  1 1 1 1 1 —1 —I —1 I 1 1 1. I 1 1 I I 1 1 1 I 1 
C 0 C / D C 0 C 0 C 0 C 0 C 0 C O C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0 C 0  
0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
3.000 0.000 3.000 0.000 1.000 0.000 1.000 0.000 5.000 
47.000 47.000 47.000 47.000 47.000 47.000 47.000 47.000 47.000 47.000 
6.38 0.00 6.38 0.00 0.00 2.13 0.00 2.13 0.00 10.64 
<0.328 <0.113 <0.036 <0.022 0.820 <0.015 <0.024 <0.176 <0.027 <0.016 
<0.328 <0.113 <0.036 <0.022 0.949 <0.015 <0.024 <0.176 <0.027 <0.016 
<0.328 <0.113 <0.036 <0.022 0.484 <0.015 <0.024 <0.176 <0.027 <0.016 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
<0.328 <0.113 <0.036 <0.022 0.908 <0.015 <0.024 <0.176 <0.027 <0.016 
0.504 <0.113 <0.036 <0.022 1.654 <0.015 <0.024 <0.176 <0.027 <0.016 
<0.328 <0.113 <0.036 <0.022 0.876 <0.015 <0.024 <0.176 <0.027 <0.016 
<0.328 <0.113 <0.036 <0.022 0.895 <0.015 <0.024 <0.176 <0.027 <0.016 
1 0 0 0 0 0 0 0 0 
4 4 4 4 4 4 4 4 4 4 
25 0 0 0 0 0 0 0 0 0 
File 
ys" _
Frenchtown Lysimeters-Background 
SL054 05/11 05/11 2L4 
SL055 05/11 05/11 2L5 
SL093 07/06 06/23 2L5 
Samples detected 
# of Samples 
% samples Detected 
I I 
Frenchtown Groundwater-Background 
SL047 
SL048 
SL085 
SL039 
05/11 
05/11 
07/05 
05/11 
05/11 
05/11 
06/21 
05/11 
Samples d 
2M6 
2M63 
2M63 
2D1 
etected 
# of Samples 
% samples Detected 
Summary of Organic Compound Concentrations 
Organized by Sample Type 
Detection Limits (ug/ «) 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysi Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
Frenchto /vn Grounc water 
SL043 05/11 05/11 2M10 <0.328 <0.113 <0.036 <0.022 0.729 <0.015 <0.024 <0.176 <0.027 <0.016 
SL087 07/05 06/23 2M10 <0.328 <0.113 <0.036 <0.022 1.351 <0.015 <0.024 <0.176 <0.027 <0.016 
SL044 05/11 05/11 2M101 <0.328 <0.113 <0.036 <0.022 0.629 <0.015 <0.024 <0.176 <0.027 <0.016 
SL086 07/05 06/23 2M101 <0.328 <0.113 <0.036 <0.022 1.084 <0.015 <0.024 <0.176 <0.027 <0.016 
SL088 07/05 06/23 2M102 <0.328 <0.113 <0.036 <0.022 1.300 <0.015 <0.024 <0.176 <0.027 <0.016 
SL049 05/11 05/11 2M9 0.402 <0.113 <0.036 <0.022 1.206 <0.015 <0.024 <0.176 <0.027 <0.016 
SL058 06/03 06/02 2M9 <0.328 <0.113 <0.036 <0.022 0.554 <0.015 <0.024 <0.176 <0.027 <0.016 
SL077 06/30 06/21 2M9 <0.328 <0.113 <0.036 <0.022 0.344 <0.015 <0.024 <0.176 <0.027 <0.016 
SL061 06/07 06/02 2M91 <0.328 <0.113 <0.036 <0.022 0.355 <0.015 <0.024 <0.176 <0.027 <0.016 
SL078 06/30 06/21 2M91 <0.328 <0.113 <0.036 <0.022 0.435 <0.015 <0.024 <0.176 <0.027 <0.016 
SL046 05/11 05/11 2M92 <0.328 <0.113 <0.036 <0.022 0.776 <0.015 <0.024 <0.176 <0.027 <0.016 
SL059 06/03 06/02 2M92 <0.328 <0.113 <0.036 <0.022 0.391 <0.015 <0.024 <0.176 <0.027 <0.016 
SL079 06/30 06/21 2M92 <0.328 <0.113 <0.036 <0.022 0.397 <0.015 <0.024 <0.176 <0.027 <0.016 
SL045 05/11 05/11 2M93 0.344 <0.113 <0.036 <0.022 0.831 <0.015 <0.024 <0.176 <0.027 <0.016 
SL080 06/30 06/21 2M93 <0.328 <0.113 <0.036 <0.022 0.405 <0.015 <0.024 <0.176 <0.027 <0.016 
Samples o etected 2.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
# of Samples 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000 
% sample. Detected 13.333 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Septic Tanks 
SL042 05/11 05/11 2T1 0.427 <0.113 <0.036 <0.022 0.477 <0.015 <0.024 0.195 <0.027 <0.016 
SL063 06/07 06/02 2T1 <0.328 <0.113 <0.036 0:034 0.120 <0.015 <0.024 <0.176 0.070 <0.016 
SL083 07/01 06/21 2T1 <0.328 <0.113 <0.036 <0.022 0.374 <0.015 <0.024 <0.176 <0.027 <0.016 
SL139 08/15 08/05 2T1 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL159 08/25 08/12 2T1 0.679 0.157 <0.036 <0.022 0.778 <0.015 <0.024 <0.176 <0.027 1.761 
Summary of Organic Compound Concentrations 
Organized by Sample Type 
Detection Limits (ugj 0 0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analysi Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
SL167 08/31 08/18 2T1 <0.328 <0.113 <0.036 <0.022 0.279 <0.015 <0.024 0.645 <0.027 0.038 
SL084 06/21 2T1(2FD2) <0.328 <0.113 <0.036 <0.022 0.322 <0.015 <0.024 <0.176 <0.027 <0.016 
SL145 08/16 08/08 2T1,11:30 <0.328 <0.113 <0.036 <0.022 0.113 <0.015 <0.024 0.211 <0.027 0.254 
SL103 08/03 08/01 2T1,12:00 <0.328 <0.113 <0.036 <0.022 0.026 <0.015 <0.024 <0.176 <0.027 1.886 
SL118 08/10 08/02 2T1,1:00 <0.328 <0.113 <0.036 <0.022 0.082 <0.015 <0.024 <0.176 <0.027 0.104 
SL149 08/10 08/10 2T1,1:00 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL104 08/03 08/01 2T1,1:08 <0.328 <0.113 <0.036 <0.022 0.026 <0.015 <0.024 <0.176 <0.027 0.283 
SL144 08/16 08/06 2T1,2:00 0.463 <0.113 0.040 <0.022 0.188 <0.015 <0.024 1.612 <0.027 2.199 
SL105 08/03 08/01 2T1,4:10 <0.328 <0.113 <0.036 <0.022 0.018 <0.015 <0.024 <0.176 <0.027 0.198 
SL119 08/10 08/02 2T1,5:45 <0.328 <0.113 <0.036 <0.022 0.027 <0.015 <0.024 <0.176 <0.027 0.089 
SL120 08/10 08/03 2T1,7:30 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL135 08/12 08/04 2T1,8:00P <0.328 <0.113 <0.036 <0.022 0.268 <0.015 <0.024 <0.176 <0.027 0.940 
SL106 08/01 08/01 2T1,9:00 <0.328 <0.113 <0.036 <0.022 0.009 <0.015 <0.024 <0.176 <0.027 0.031 
SL134 08/12 08/04 2T1,9:10A <0.328 <0.113 <0.036 <0.022 0.168 <0.015 <0.024 <0.176 <0.027 0.038 
SL117 08/10 08/03 2T1,9:30 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL056 05/11 05/11 2T2FD <0.328 <0.113 <0.036 <0.022 1.017 <0.015 <0.024 <0.176 <0.027 <0.016 
SL097 07/27 07/18 TANK#1 <0.328 <0.113 <0.036 <0.022 0.226 <0.015 <0.024 <0.176 <0.027 <0.016 
SL098 07/27 07/18 TANK#2 <0.328 <0.113 <0.036 <0.022 0.150 <0.015 <0.024 <0.176 <0.027 0.145 
SL094 07/27 07/18 UM#10 <0.328 <0.113 <0.036 <0.022 0.201 <0.015 0.026 <0.176 0.161 <0.016 
SL021 04/08 04/08 1T1 <0.328 <0.113 <0.036 <0.022 0.468 <0.015 <0.024 <0.176 <0.027 <0.016 
SL150 08/23 08/10 1T1 <0.328 <0.113 <0.036 <0.022 0.042 <0.015 <0.024 <0.176 <0.027 <0.016 
SL022 04/08 04/08 1T1FD 0.656 <0.113 <0.036 <0.022 0.345 <0.015 <0.024 <0.176 <0.027 <0.016 
SL076 06/29 06/16 1T2 <0.328 <0.113 <0.036 <0.022 0.467 <0.015 <0.024 <0.176 <0.027 <0.016 
SL160 08/09 08/10 1T4 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL152 08/24 08/10 1T4 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL160 08/24 08/10 1T4R <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL153 08/24 08/10 1T6 <0.328 <0.113 <0.036 <0.022 0.383 <0.015 <0.024 <0.176 <0.027 1.736 
Summary of Organic Compound Concentrations 
Organized by Sample Type 
Detection Limits (ugi «)  0.3281 0.1129 0.0364 0.0217 0.0090 0.0151 0.0236 0.1757 0.0274 0.0161 
File Analyst Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l "9/1 ug/l ug/l ug/l 
SL154 08/24 08/10 1T7 <0.328 <0.113 <0.036 <0.022 0.581 <0.015 <0.024 <0.176 <0.027 0.644 
SL151 08/24 08/10 1T8 0.384 0.157 <0.036 <0.022 0.305 <0.015 <0.024 <0.176 <0.027 2.377 
Samples c etected 5 2 1 1 0 1 4 2 16 
# of Samples 34 34 34 34 34 34 34 34 34 34 
% samples Detected 14.71 5.88 2.94 2.94 0.00 0.00 2.94 11.76 5.88 47 06 
VO 
TRACER TEST ORGANIC RESULTS FOR THE SEPTIC TANK 2T1 
File Analysis Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
SL103 08/03 08/01 2T1,12:00 <0.328 <0.113 <0036 <0 022 0.026 <0.015 <0.024 <0.176 <0.027 1.886 
SL104 08/03 08/01 2T1.1.08 <0.328 <0.113 <0 036 <0.022 0.026 <0.015 <0.024 <0.176 <0.027 0.283 
SL105 08/03 08/01 2T1,4:10 <0.328 <0.113 <0.036 <0.022 0.018 <0.015 <0.024 <0.176 <0.027 0.198 
SL106 08/01 08/01 2T1,9:00 <0.328 <0 113 <0.036 <0.022 0.009 <0.015 <0.024 <0.176 <0.027 0.031 
SL118 08/10 08/02 2T1,1:00 <0.328 <0.113 <0.036 <0.022 0.082 <0.015 <0.024 <0.176 <0.027 0.104 
SL119 08/10 08/02 2T1,5:45 <0 328 <0.113 <0 036 <0.022 0.027 <0015 <0.024 <0.176 <0.027 0.089 
SL117 08/10 08/03 2T1,9:30A <0.328 <0.113 <0 036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL120 08/10 08/03 2T1,7:30 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL134 08/12 08/04 2T 1,9:1 OA <0.328 <0.113 <0036 <0.022 0.168 <0.015 <0.024 <0.176 <0.027 0.038 
SL135 08/12 08/04 2T1,8:00P <0.328 <0.113 <0.036 <0.022 0.268 <0.015 <0.024 <0.176 <0.027 0.940 
SL139 08/15 08/05 2T1 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL144 08/16 08/06 2T1,2:00 0463 <0.113 0.040 <0.022 0.188 <0015 <0.024 1.612 <0.027 2.199 
SL145 08/16 08/08 2T1,11:30 <0.328 <0.113 <0.036 <0.022 0.113 <0.015 <0.024 0.211 <0.027 0.254 
SL149 08/10 08/10 2T1.1.00 <0.328 <0.113 <0.036 <0.022 <0.009 <0.015 <0.024 <0.176 <0.027 <0.016 
SL159 08/25 08/12 2T1 0.679 0.157 <0.036 <0.022 0.778 <0.015 <0.024 <0.176 <0.027 1.761 
SL167 08/31 08/18 2T1 <0.328 <0.113 <0.036 <0.022 0.279 <0.015 <0.024 0.645 <0.027 0.038 
TRACER TEST ORGANIC RESULTS FOR LYSIMETER 2L1 
File Analysis Sample Sample Chlor CI3Eth Crbnt BDCM/TCE INT DBCM DBE Perc Brom DBCP 
Date Date ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l 
SHOO 08/02 08/01 2L1,7:45P <0.328 <0.113 <0.036 <0.022 0.270 <0.015 <0.024 <0.176 <0.027 <0.016 
SL107 08/08 08/02 2L1,12:00P <0.328 <0.113 <0.036 <0.022 0.544 <0.015 <0.024 <0.176 <0.027 0.073 
SL109 08/08 08/02 2L1.5.30P <0.328 <0.113 <0.036 <0022 0.796 <0.015 <0.024 <0.176 <0.027 <0.016 
SL111 08/09 08/03 2L1,10:10A <0.328 <0.113 <0.036 <0022 0.737 <0.015 <0.024 <0.176 <0.027 0.067 
SL110 08/09 08/03 2L1,7:30P <0.328 <0.113 <0.036 <0.022 0.658 <0.015 <0.024 <0.176 <0.027 0.099 
SL137 08/15 08/06 2L1(2FD),2:00 <0.328 <0.113 <0.036 <0.022 0.508 <0.015 <0.024 <0.176 <0.027 <0.016 
SL141 08/16 08/08 2L1,11:30A <0.328 <0.113 <0.036 <0 022 0.575 <0.015 <0.024 <0.176 <0.027 <0.016 
SL146 08/08 08/10 211,1:00? <0.328 <0.113 <0.036 <0.022 0.417 <0.015 <0.024 <0.176 <0.027 0.067 
SL158 08/25 08/12 2L1(2FD) <0.328 <0.113 0.037 <0.022 0.633 <0.015 <0.024 <0.176 <0.027 <0.016 
SL155 08/25 08/12 2L1,11:00A <0.328 <0.113 <0.036 <0022 0.869 <0.015 <0.024 <0.176 <0.027 <0.016 
SL163 08/26 08/16 2L1,12:00P <0.328 <0.113 <0.036 <0.022 0.380 <0015 <0.024 <0.176 <0.027 <0.016 
SL164 08/31 08/18 2L1 <0.328 <0.113 <0.036 <0.022 0.674 <0.015 <0.024 0.180 <0.027 <0.016 
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Tracer Tests - Inorganic Data 
199 
DATE and TRACER Br CI N03 S04 
WELL TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
01-Aug 
2T1 02:40 0.11 16.84 20.85 25.7 
2L1 
2L2 
2L3 
2M11 04:55 0.20 BDL 1.77 6.33 
2M12 04:50 0.20 BDL 1.76 10.63 
2M13 04:40 0.19 BDL 8.5 >75.02 
2M21 
2M22 05:25 0.23 BDL 1.85 8.57 
2M23 05:30 0.23 BDL 2.04 11.68 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 05:35 0.23 BDL 2.3 6.34 
2M44 05:30 0.23 BDL 1.39 30.39 
2M51 
2M52 
2M53 05:00 0.21 BDL 2.93 3.9 
2M54 05:10 0.21 BDL 3.41 >71.78 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
BDL - Below detection limits. 
NA - Not analyzed (surpassed holding time) 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 200 
DATE and TRACER Br CI N03 S04 
WELL TIME(hr) TIME(days) mg/1 mg/1 mg/1 mg/1 
01-Aug 
2M9 0.125 BDL 3 .52 14.75 
2M91 02:55 0 .13 BDL 2.62 13 .85 
2M92 02 :50 0.13 BDL 3.1 14 .31 
2M93 02 :48 0 .13 6 .32 4.15 15.75 
2M94 02:45 0 .13 432.64 7.39 14 .48 
2M10, 03 :50 0.16 BDL 2.58 11.93 
2M10,1 03 :40 0 .15 BDL 6 .36 12 .308 
2M10,2 03 :40 0.15 BDL 5.813 12.178 
2M10,3 03 :31 0.15 BDL 16.608 12.914 
2M11,1 04 : 00 0 .17 BDL 15 . 947 16.359 
2M11,2 04 : 00 0 .17 BDL 9.716 34.515 
2M12,1 03:08 0 .13 BDL 2.028 12.875 
2M12,2 03 :20 0 .14 BDL 
2M12,3 03 :25 0 .14 BDL 1.467 12.89 
2M13,1 
2M13,2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER Br CI N03 S04 
WELL TIME (hr) 
01 - Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2T1 
i
n
 G
O
 o
 0 .36 27.84 
2L1 07:45 BDL 16.31 2 .477 
2L2 
o
 
r
o
 00 o
 BDL 15.04 1.73 
2L3 
o
 
00 o
 BDL 19.72 18.25 
2M11 07:50 0.33 BDL 1.74 6.26 
2M12 07:50 0 .33 BDL 2.08 11.26 
2M13 
2M21 
2M22 
o
 
H
 
00 O
 0 .34 BDL 1.84 1.58 
2M23 
i
n
 H
 
G
O
 o
 0 .34 BDL 2.17 11.49 
2M24 
2M31 09 : 00 0 .38 BDL 1.705 9.43 
2M32 09:00 0.38 BDL 2.38 10.29 
2M33 
i
n
 i
n
 00 o
 0.38 BDL 2.16 19.52 
2M34 
2M41 
2M42 
2M43 08 :20 0 .35 BDL 2 . 07 7 .45 
2M44 08 :18 0 .35 BDL 1.46 29.06 
2M51 
2M52 
2M53 08:01 0 .33 BDL 3.31 4 .44 
2M54 08:00 0 .33 BDL 3 .21 >72.34 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER Br CI N03 S04 
WELL TIME (hr) 
01 - Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 
2M91 06 : 02 0 .25 BDL 2.5 14 
2M92 06:00 0 .25 2.99 2.77 13 .59 
2M93 05:55 0 .25 327.96 4.143 14 .96 
2M94 NOS 
2M10, 0 7 : 2 0  0 .31 BDL 2.58 11.98 
2M10,1 07:10 0.30 BDL 6.143 12.287 
2M10,2 07:05 0.30 BDL 5.554 12.502 
2M10,3 
2M11,1 07 :30 0.31 BDL 16.05 11. 89 
2M11,2 07 :25 0 .31 BDL 
2M12,1 06 :10 0.26 BDL 2 .072 13.377 
2M12,2 06 :15 0 .26 BDL 1.809 12.875 
2M12,3 06 : 06 0 .25 BDL 1.407 13 .546 
2M13,1 
2M13,2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 203 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
02-Aug 
2T1 13 : 00 1 .04 161.78 17.67 23.15 
2L1 12 : 00 1. 00 BDL 17.06 2.63 
2L2 12:10 1. 01 BDL 17.13 2 .27 
2L3 12 :30 1.02 
2M11 10:30 0.94 BDL 1.56 6.1 
2M12 10 :30 0.94 BDL 1.78 10.76 
2M13 0 .50 
2M21 0 .50 
2M22 11:03 0 .96 BDL 1.83 9.17 
2M23 11:05 0.96 BDL 2.175 11.375 
2M24 0.50 
2M31 11:22 0.97 BDL 1.66 8.42 
2M32 0.50 BDL 2.67 10 .51 
2M33 11:30 0 . 98 BDL 2 . 06 22.04 
2M34 0.50 
2M41 0.50 
2M42 0 . 50 
2M43 10 :51 0 . 95 BDL 2 .13 8 .16 
2M44 10 :57 0 . 96 
2M51 0 . 50 
2M52 0.50 
2M53 11:12 0 . 97 BDL 3.1 5.33 
2M54 0 . 50 BDL 
2M71 0.50 
2M72 0 . 50 
2M73 11:42 0 . 99 BDL 2.6 13 . 01 
2M74 11:40 0 . 99 BDL 2.64 9.61 
2M75 11:38 0 . 98 BDL 2 .27 10 . 85 
2M81 0 .50 
2M82 13 :15 1.05 BDL 1.94 13 .44 
2M83 0 .50 <0 .30 2 . 037 12.78 
2M84 13 :10 1. 05 BDL 2 .28 13 . 88 
2M85 0.50 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 204 
DATE TRACER Br Cl 
WELL TIME(hr) 
02-Aug 
TIME(days) mg/1 mg/1 
2M9 0.38194 0 . 88 109.85 3 .45 
2M91 09:01 0.88 141.3 
2M92 09:15 0 . 89 
2M93 09:21 0 . 89 
2M94 0 .50 
2M10, 09:39 0.90 BDL 2 .69 
2M10,1 09:48 0.91 
2M10,2 09 :48 0.91 
2M10,3 0.50 
2M11, 1 10 :18 0 . 93 
2M11,2 10:24 0.93 
2M12,1 10:01 0.92 BDL 
2M12,2 10:08 0 .92 
2M12,3 10 :11 0 . 92 BDL 
2M13,1 0.50 BDL 
2M13,2 0 .50 
2M14, 0 . 50 
2M14,1 12 : 00 1.00 BDL 2.2 
2M14,2 12 :00 1.00 BDL 2 .15 
2P6 0.50 
2P7 0.50 
2P8 0.50 
2P9 0.50 
.  
.  
 
 
 
, 
, 
 
, 
 
, 
 
 
 
 
l
.  
N03 
mg/1 
S04 
mg/1 
14.15 
11.89 
12 .85 
16.11 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 205 
02-•Aug 
2T1 05 : 45 1.24 
2L1 05 : 30 1.23 
2L2 05 : 30 1.23 
2L3 05 : 30 1.23 
2M11 1.00 
2M12 1.00 
2M13 1.00 
2M21 1.00 
2M22 1.00 
2M23 1.00 
2M24 1.00 
2M31 1.00 
2M32 1.00 
2M33 1.00 
2M34 1. 00 
2M41 1.00 
2M42 1.00 
2M43 1.00 
2M44 1.00 
2M51 1.00 
2M52 1. 00 
2M53 1.00 
2M54 1. 00 
2M71 1.00 
2M72 1. 00 
2M73 1.00 
2M74 1. 00 
2M75 1.00 
2M81 1. 00 
2M82 1.00 
2M83 1.00 
2M84 1.00 
2M85 1.00 
DATE TRACER Br Cl N03 S04 
TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
167.36 3.794 0.782 
BDL 17.06 2.56 
BDL 15.39 1.79 
8.013 18.705 26.37 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 206 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
02-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 04 :40 1.19 78.95 3 .198 14.02 
2M91 04 :40 1.19 99 .59 2 .605 13.959 
2M92 04 :35 1.19 79.98 2.75 14 .435 
2M93 04 :30 1.19 51.56 3 .842 16.304 
2M94 1.00 
2M10, 05:05 1.21 BDL 2.43 11. 88 
2M10,1 05:00 1.21 BDL 5.676 12.274 
2M10,2 04 :55 1.20 BDL 5.575 12 .326 
2M10,3 1. 00 
2M11,1 05 :15 1.22 BDL 17.372 11.142 
2M11,2 05 :15 1.22 BDL 9.953 27.387 
2M12,1 04 :45 1.20 BDL 2.094 12.767 
2M12,2 04 :50 1.20 BDL 1.516 12.711 
2M12,3 04 :45 1.20 BDL 1.664 13 .071 
2M13,1 1. 00 
2M13,2 1. 00 
2M14, 1. 00 
2M14,1 1. 00 
2M14,2 1.00 
2P6 1. 00 
2P7 1.00 
2P8 1. 00 
2P9 1.00 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 207 
WELL 
2T1 
2L1 
2L2 
2L3 
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
DATE 
TIME(hr) 
03-Aug 
09:30 
10:00 
09:50 
10 :15 
11:40 
11:40 
TRACER 
TIME(days) 
1. 90 
1.92 
1.91 
1.93 
1.99 
1.99 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1 
1 
1 
1, 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
Br 
mg/1 
110.5 
6632.3 
BDL 
31.307 
BDL 
BDL 
Cl 
mg/1 
17.84 
15.89 
18.845 
N03 
mg/1 
S04 
mg/1 
1.979 
2 .05 
27.915 
1.50 
1.50 
1.50 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
03-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 10:00 1.92 41.13 
2M91 09 :50 1.91 25.787 2.751 14.566 
2M92 09:45 1.91 24.184 2.867 15.758 
2M93 09 :45 1.91 9.705 3 .701 16.776 
2M94 1.50 
2M10, 11:00 1.96 BDL 2.35 11.86 
2M10,1 11:00 1.96 BDL 
2M10,2 10:55 1.95 
2M10,3 1.50 
2M11,1 11:15 1.97 BDL 16.684 14 .236 
2M11,2 11:10 1.97 BDL 9.842 27.14 
2M12,1 10 :30 1.94 BDL 
2M12,2 10 :3 0 1.94 BDL 
2M12,3 10 :30 1.94 BDL 
2M13,1 1.50 
2M13,2 1.50 
2M14, 1.50 
2M14,1 1.50 
2M14,2 1.50 
2P6 1.50 
2P7 1.50 
2P8 1.50 
2P9 1.50 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 209 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
03-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2T1 0.30208 2.30 97.9 14 . 07 3 . 84 
2L1 0.30903 2.31 BDL 17.548 2.695 
2L2 0.30556 2.31 BDL 15.796 2.095 
2L3 0.30556 2.31 54.66 18.887 27.898 
2M11 0.32292 2.32 BDL 1.647 6.042 
2M12 0.32292 2 .32 BDL 1.802 10.53 
2M13 0.31944 2.32 BDL 6.97 >53 .38 
2M21 2.00 
2M22 0.34028 2 .34 BDL 1.704 8 .409 
2M23 0.34028 2 .34 BDL 1.611 10.946 
2M24 2 . 00 
2M31 2 . 00 
2M32 2 . 00 
2M33 2 . 00 
2M34 2 . 00 
2M41 2 . 00 
2M42 2 . 00 
2M43 0.34375 2 .34 BDL 2 . 045 7.569 
2M44 0.34375 2 .34 BDL 1.191 26.753 
2M51 2 . 00 
2M52 2 . 00 
2M53 0.33333 2 .33 BDL 2.512 4.151 
2M54 0.33333 2 .33 BDL 3 . 076 >71.594 
2M71 2 . 00 
2M72 2 . 00 
2M73 2 . 00 
2M74 2 . 00 
2M75 2 . 00 
2M81 2 . 00 
2M82 2 . 00 
2M83 2 . 00 
2M84 2 . 00 
2M85 2 . 00 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 210 
DATE TRACER Br Cl 
WELL TIME (hr) 
03-Aug 
TIME(days) mg/1 mg/1 
2M9 0.30208 2.30 23 .384 4 .374 
2M91 0.29861 2.30 15.605 2.802 
2M92 0.29167 2.29 16.636 2.9 
2M93 0.29514 2 .30 5.952 3 .718 
2M94 2 .00 
2M10, 0.27431 2.27 BDL 2 .457 
2M10,1 0.27431 2 .27 BDL 5.751 
2M10,2 0.27431 2 .27 BDL 5.692 
2M10,3 2 . 00 
2M11,1 0.27083 2 .27 BDL 16.632 
2M11,2 0.27083 2.27 BDL 8 .982 
2M12,1 0.28472 2 .28 BDL 1.912 
2M12,2 0.28472 2 .28 BDL 1.712 
2M12,3 0.28472 2 .28 BDL 1.84 
2M13,1 2 .00 
2M13,2 2.00 
2M14, 2 . 00 
2M14,1 2 . 00 
2M14,2 2 . 00 
2P6 2 . 00 
2P7 2 . 00 
2P8 2 . 00 
2P9 2 . 00 
 
.
 
.  
.
 .
.  
.
.  
.   
.   
.  
.  
.   
.   
l N03 
mg/1 
S04 
mg/1 
12.975 
13.726 
13.822 
15.472 
12.056 
12.408 
12.476 
11.706 
2 6 . 8 2 8  
13.056 
12.974 
13 .367 
.
NOTE: Blank spaces xinder concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER 
WELL TIME(hr) TIME(days) 
o
 
•Aug 
2T1 08 
O
 
o
 3 .33 
2L1 08 
o
 
o
 3 .33 
2L2 08 
o
 
o
 3 .33 
2L3 08 
o
 
o
 3 .33 
2M11 08 
o
 
o
 3 .33 
2M12 08 
o
 
o
 3 .33 
2M13 3 . 00 
2M21 3 
o
 
o
 
2M22 3 .00 
2M23 3 
o
 
o
 
2M24 3 . 00 
2M31 3 
o
 
o
 
2M32 3 .00 
2M33 3 
o
 
o
 
2M34 3 
o
 
o
 
2M41 3 
o
 
o
 
2M42 3 
o
 
o
 
2M43 08 : 15 3 .34 
2M44 3 . 00 
2M51 3 
o
 
o
 
2M52 3 . 00 
2M53 3 
o
 
o
 
2M54 3 . 00 
2M71 3 
o
 
o
 
2M72 3 . 00 
2M73 3 . 00 
2M74 3 . 00 
2M75 3 
o
 
o
 
2M81 3 . 00 
2M82 3 
o
 
o
 
2M83 3 . 00 
2M84 3 
o
 
o
 
2M85 3 
o
 
o
 
Br Cl N03 S04 
mg/1 mg/1 mg/1 mg/1 
75.57 15.749 0.629 
BDL 17.063 2.565 
BDL 15.97 2.18 
63.03 26.55 32.8 
BDL 
BDL 2.23 11.37 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
04-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 o
 
00
 
o
 
o
 
3 .33 9.908 3 .234 14.329 
2M91 
o
 
o
 
00 o
 3 .33 7.094 
2M92 
o
 
o
 
00 o
 3 .33 5.902 
2M93 
o
 
o
 
00 o
 3 .33 3 .013 3 .83 14.41 
2M94 3 . 00 
2M10, o
 
00
 
o
 
o
 
3 .33 0 .669 2.34 12.1 
2M10,1 
o
 
o
 
00 o
 3 .33 BDL 5.519 12.435 
2M10,2 
o
 
o
 
00 o
 3 .33 BDL 5.465 12 .48 
2M10,3 3 .00 
2M11,1 08:00 3 .33 BDL 15.22 15.154 
2M11,2 08:00 3 .33 BDL 9.882 27.988 
2M12,1 08:00 3 .33 BDL 1.867 13 .314 
2M12,2 08:00 3 .33 BDL 2.093 12.054 
2M12,3 o
 
00
 
o
 
o
 
3 .33 BDL 1.807 13.548 
2M13,1 3 .00 
2M13,2 3 .00 
2M14, 3 .00 
2M14,1 3 . 00 
2M14,2 3 . 00 
2P6 3 .00 
2P7 3.00 
2P8 3 .00 
2P9 3 .00 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 213 
DATE TRACER Br Cl 
WELL TIME(hr) 
04-Aug 
TIME (days) mg/1 mg/1 
2T1 0 .3819 2 . 88 88 .42 
2L1 09:30 2.90 BDL 16.916 
2L2 09:30 2.90 BDL 15.77 
2L3 09 :30 2.90 60.15 19 .79 
2M11 11:30 2.98 BDL 1.604 
2M12 2 .50 1.764 
2M13 11:30 2.98 BDL 9.924 
2M21 11:30 2.98 BDL 
2M22 11:45 2.99 BDL 1. 877 
2M23 11:40 2.99 BDL 1.567 
2M24 2 .50 
2M31 2.50 
2M32 2 .50 
2M33 2 .50 
2M34 2 .50 
2M41 2 .50 
2M42 2 .50 
2M43 11:50 2 .99 BDL 1.85 
2M44 11:50 2.99 BDL 1.249 
2M51 2 .50 
2M52 2 .50 
2M53 12:00 3 . 00 BDL 2 . 917 
2M54 12 : 00 3 . 00 BDL 3 . 071 
2M71 2 . 50 
2M72 2.50 
2M73 2.50 
2M74 2 .50 
2M75 2 .50 
2M81 2 .50 
2M82 2 .50 
2M83 2.50 
2M84 2 .50 
2M85 2 .50 
N03 S04 
mg/1 mg/1 
2.409 
2.07 
26.67 
6.191 
10.595 
>73.02 
8.882 
11.213 
8.618 
27.419 
5.669 
>68.095 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER Br CI N03 S04 
WELL TIME(hr) 
04-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 2 .50 16 .529 
2M91 10:30 2.94 5.794 2 .491 13.399 
2M92 10:20 2.93 8 .206 2 . 855 15.045 
2M93 10:15 2.93 3 .806 3 .874 16.026 
2M94 2 .50 
2M10, 10:45 2.95 0 .931 4 .08 10 . 81 
2M10,1 10 :40 2.94 BDL 5.803 12.967 
2M10,2 10 :55 2.95 BDL 5 .507 12.885 
2M10,3 2 .50 
2M11,1 11:00 2 . 96 BDL 17.079 12.667 
2M11,2 11: 00 2.96 BDL 10.057 27.124 
2M12,1 10:30 2.94 BDL 
2M12,2 10 :30 2 . 94 BDL 1.621 13.515 
2M12,3 10 :30 2.94 BDL 
2M13,1 2.50 
2M13,2 2.50 
2M14, 2.50 
2M14,1 2.50 
2M14,2 2 .50 
2P6 2 .50 
2P7 2.50 
2P8 2.50 
2P9 2.50 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 215 
DATE TRACER Br CI N03 S04 
WELL TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
05-Aug 
2T1 11: 00 3 .96 83 .66 15.453 4 .43 
2L1 09 : 00 3 .88 0 .547 17.551 2 .382 
2L2 09 : 00 3 .88 BDL 15.78 2.54 
2L3 09:00 3 .88 63.055 17.55 24 .32 
2M11 09:50 3 .91 BDL 1.61 6.78 
2M12 09:50 3 .91 BDL 1.68 11.12 
2M13 09:50 3 .91 BDL 6.07 >62.57 
2M21 09:15 3 .89 BDL 1.53 7.82 
2M22 09:15 3 .89 BDL 1.74 8 .91 
2M23 09:15 3 .89 BDL 1.95 10.93 
2M24 3 .50 
2M31 3 .50 
2M32 3 .50 
2M33 3 .50 
2M34 3 .50 
2M41 3 .50 
2M42 09:00 3 .88 BDL 2 .11 3 .94 
2M43 09:00 3 . 88 BDL 2 .06 8 .44 
2M44 09:00 3 .88 BDL 1.32 26 .04 
2M51 3 .50 
2M52 10 :00 3 . 92 BDL 2.6 10.3 
2M53 10:00 3 . 92 BDL 2.7 5.71 
2M54 10 :00 3 . 92 BDL 3 .04 >69.48 
2M71 3 .50 
2M72 3 .50 
2M73 3 .50 
2M74 3 .50 
2M75 3 .50 
2M81 3 .50 
2M82 3 .50 
2M83 3 .50 
2M84 3 .50 
2M85 3 .50 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 216 
DATE TRACER Br CI N03 S04 
WELL TIME(hr) 
05-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 11:15 3 .97 6 .165 3 .32 14.09 
2M91 11:15 3 .97 2 .768 2.59 13 .5 
2M92 11:15 3 .97 3 .945 2.84 14 . 04 
2M93 11:15 3 .97 2 .437 
2M94 3 .50 
2M10, 10:45 3 .95 BDL 2.649 12.142 
2M10,1 10:45 3 .95 BDL 5 .447 12.312 
2M10,2 10 :45 3 .95 BDL 5.266 12 .324 
2M10,3 3 .50 
2M11,1 10 :30 3 .94 BDL 16.56 12.471 
2M11,2 10:30 3 .94 BDL 9.724 26 .761 
2M12,1 10 :30 3 .94 BDL 
2M12,2 10:30 3 .94 BDL 
2M12,3 10:30 3 . 94 BDL 1.601 13.283 
2M13,1 3 .50 
2M13,2 3 .50 
2M14, 3 .50 
2M14,1 3 .50 
2M14,2 3 .50 
2P6 3 .50 1.4 12 .01 
2P7 0.40625 3 .91 BDL 1.42 10 .99 
2P8 0 .375 3 . 88 BDL 1.12 9.69 
2P9 0.41667 3 . 92 BDL 1.75 10 . 06 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 217 
S04 
mg/1 
I.824 
2.353 
3.38 
23 .08 
6 .193 
II.185 
2M13 02:00 4.58 BDL 
2M21 02:00 4.58 
2M22 02:00 4.58 
2M23 02:00 4.58 
2M24 02:00 4.58 
2M31 02:00 4.58 
2M32 02:00 4.58 
2M33 02:00 4.58 
2M34 02:00 4.58 
2M41 02:00 4.58 
2M42 02:00 4.58 
2M43 02:00 4.58 
2M44 02:00 4.58 
2M51 02:00 4.58 
2M52 02:00 4.58 
2M53 02:00 4.58 
2M54 02:00 4.58 
2M71 02:00 4.58 
2M72 02:00 4.58 
2M73 02:00 4.58 
2M74 02:00 4.58 
2M75 02:00 4.58 
2M81 02:00 4.58 
2M82 02:00 4.58 
2M83 02:00 4.58 
2M84 02:00 4.58 
2M85 02:00 4.58 
DATE TRACER 
WELL TIME(hr) TIME(days) 
06-•Aug 
2T1 02 : 00 4 .58 
2L1 02 : 00 4 .58 
2L2 02 : 00 4 .58 
2L3 02 : 00 4 .58 
2M11 02 : 00 4 .58 
2M12 02 
o
 
o
 4 .58 
Br CI N03 
mg/1 mg/1 mg/1 
49.625 13.412 
3.998 17.388 
BDL 15.99 
67.155 17.71 
BDL 1.453 
BDL 1.672 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 218 
WELL 
2M9 
2M91 
2M92 
2M93 
2M94 
2M10, 
2M10,1 
2M10,2 
2M10,3 
2M11,1 
2M11,2 
2M12,1 
2M12,2 
2M12,3 
2M13,1 
2M13,2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
DATE 
TIME(hr) 
06-Aug 
0 2  : 0 0  
0 2  : 0 0  
0 2  : 0 0  
0 2  : 0 0  
0 2  : 0 0  
0 2  : 0 0  
0 2  : 0 0  
0 2 : 0 0  
0 2  : 0 0  
0 2  : 0 0  
0 2  :  0 0  
0 2  : 0 0  
0 2  : 0 0  
0 2 : 0 0  
0 2 : 0 0  
0 2  :  0 0  
0 2  :  0 0  
0 2  :  0 0  
0 2  :  0 0  
0 2  :  0 0  
0 2  :  0 0  
02 : 00 
TRACER 
TIME(days) 
4 .58 
4.58 
4 .58 
4 .58 
4.58 
4 .58 
4.58 
4 .58 
4.58 
4.58 
4.58 
4 
4 
4 
4 
4 . 
4 . 
4 . 
4 
4 . 
4 
4 . 
4 . 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
50 
58 
Br 
mg/1 
2 .368 
1.704 
2 . 642 
1.74 
0.674 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
C I  
mg/1 
N03 
mg/1 
S04 
mg/1 
2 .37 
5.375 
4 .284 
16.608 
9.716 
1.72 
1.45 
1.781 
12 . 08 
12.441 
11.863 
12.449 
34.515 
13 .63 
7 .231 
13.615 
NOTE: Blank spaces under concentration headings indiqate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 219 
WELL 
2T1 
2L1 
2L2 
2L3 
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
DATE 
TIME(hr) 
08-Aug 
11:00 
11: 00 
11: 00 
11:00 
11:00 
11:00 
11: 00 
11:00 
11: 00 
11 : 00 
11 : 00 
11 : 00 
11: 00 
11: 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11: 00 
11: 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
11 : 00 
TRACER 
TIME (days) 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 , 
6 
6 
6 
6 
6 
6 
6 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
Br 
mg/1 
34.118 
59 .1 
BDL 
64.62 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
C I  
mg/1 
14 . 02 
17.67 
16.29 
18.13 
N03 
mg/1 
S04 
mg/1 
1.712 
3 .12 
5.7 
24 .25 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 220 
DATE TRACER Br CI N03 S04 
WELL TIME (hr) 
08-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 11:00 6 . 96 2.889 
2M91 11: 00 6.96 0.82 
2M92 11:00 6 .96 1.57 
2M93 11:00 6.96 1.3 
2M94 11:00 6 .96 
2M10, 11:00 6.96 0.455 2.39 12 .213 
2M10,1 11:00 6 .96 BDL 
2M10,2 
o
 
o
 
H
 
H
 6 .96 BDL 
2M10,3 11:00 6 .96 
2M11,1 11:00 6 .96 BDL 16.638 11.705 
2M11,2 11:00 6 .96 BDL 9.683 26.212 
2M12,1 11:00 6.96 BDL 1.861 13 .325 
2M12,2 11:00 6.96 BDL 2 .276 10 .586 
2M12,3 11:00 6 .96 BDL 1.702 13 .406 
2M13,1 
o
 
o
 
H
 
H
 6 . 96 
2M13,2 11: 00 6 .96 
2M14, 11: 00 6.96 
2M14,1 11: 00 6 . 96 
2M14,2 11: 00 6 . 96 
2P6 11: 00 6 . 96 BDL 
2P7 11: 00 6 . 96 BDL 
2P8 
2P9 11: 00 BDL 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 221 
DATE TRACER Br CI N03 S04 
WELL TIME(hr) 
10-Aug 
TIME (days) mg/1 mg/1 mg/1 mg/1 
2T1 9 25.616 13.823 1.032 
2L1 9 12.175 17.257 2 .246 
2L2 9 BDL 16.372 7.471 
2L3 9 63.005 18.495 25 .246 
2M11 9 BDL 1.445 0.115 6 .049 
2M12 9 BDL 1.659 0.1 11.26 
2M13 9 5.278 2.057 >61.386 
2M21 9 BDL 1.514 0.101 7.132 
2M22 9 BDL 1.584 0.185 8 .581 
2M23 9 BDL 1.945 0.3 10.728 
2M24 9 
2M31 9 BDL 1.518 0 .113 7.81 
2M32 9 BDL 2.109 BDL 9 .666 
2M33 9 BDL 2.121 0 .562 39.391 
2M34 9 
2M41 9 BDL 1.736 8 .219 
2M42 9 BDL 1.768 3 .212 
2M43 9 BDL 1. 816 8 .033 
2M44 9 BDL 1.351 23 .689 
2M51 9 BDL 1.341 0 .104 6.016 
2M52 9 BDL 2 .353 0.187 9.096 
2M53 9 BDL 
00 (
N 
BDL 6 .214 
2M54 9 BDL 2 . 891 0 .327 >68.256 
2M71 9 BDL 1.696 0.134 7.029 
2M72 9 BDL 2 . 051 11.759 
2M73 9 BDL 2 .347 11.004 
2M74 9 BDL 2.744 9.179 
2M75 9 BDL 2 .467 9.831 
2M81 9 BDL 2 .191 11.745 
2M82 9 BDL 1.929 0 .174 12 .73 
2M83 9 BDL 2 .144 12.789 
2M84 9 BDL 2.172 12.954 
2M85 9 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 222 
DATE TRACER Br CI N03 S04 
WELL TIME(hr) 
10-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 9 <0.30 
2M91 9 0 .628 3 .062 13 .077 
2M92 9 0.972 
H
 
00 CN 
13.563 
2M93 9 0 .804 4 .116 1.606 13 . 067 
2M94 9 
2M10, 9 0 .525 2 . 017 0 .296 12.018 
2M10,1 9 BDL 5.196 2 .334 12.412 
2M10,2 9 BDL 
2M10,3 9 
2M11,1 9 BDL 16.862 10.573 
2M11,2 9 BDL 9.818 
00 00 CN 
2M12,1 9 BDL 2.146 13.664 
2M12,2 9 BDL 1.905 9 .236 
2M12,3 9 BDL 1.915 13.596 
2M13,1 9 BDL 3.3 14.672 
2M13,2 0.5 9 BDL 4 .353 140 .59 
2M14, 9 
2M14,1 9 BDL 2 .593 11.098 
2M14,2 9 BDL 2 . 534 19.64 
2P6 9 BDL 1.248 10 .407 
2P7 9 BDL 1.324 9 . 917 
2P8 9 
2P9 0.1146 9 BDL 2 .11 11.83 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 223 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
12-Aug 
2T1 0 .45833 10 .96 15.504 18.549 2 .605 
2L1 0.45833 10 .96 14 .466 16.28 2 .418 
2L2 0.45833 10 .96 BDL 15.635 11.14 
2L3 0.45833 10 .96 65.465 21.24 26.1 
2M11 0.41667 10 .92 BDL 1.379 5 . 645 
2M12 0.41667 10 .92 BDL 1.585 10.339 
2M13 0.41667 10 .92 BDL 6 .474 >.58.22 
2M21 0 .375 10 . 88 BDL 1.471 7.056 
2M22 0.375 10 . 88 BDL 1.521 8 .695 
2M23 0 .375 10 .88 BDL 1.828 10.398 
2M24 10 .50 
2M31 0.375 10 .88 BDL 1.442 8.647 
2M32 0.375 10 .88 BDL 2.159 9.294 
2M33 10 .50 
2M34 10 .50 
2M41 10 .50 
2M42 0 .375 10 .88 BDL 2.08 3 .482 
2M43 0.375 10 . 88 BDL 1.586 7.895 
2M44 0 .375 10 .88 BDL 1.198 21.99 
2M51 0.41667 10 . 92 BDL 1.288 5.905 
2M52 0.41667 10 . 92 BDL 1.846 7.377 
2M53 0.41667 10 . 92 BDL 2 .47 5.86 
2M54 0.41667 10 . 92 BDL 2 . 855 >60.93 
2M71 10 .50 
2M72 10 .50 
2M73 10 .50 
2M74 10 .50 
2M75 10 .50 
2M81 10 .50 
2M82 10 .50 
2M83 10 .50 
2M84 10 .50 
2M85 10 .50 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 224 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
12-Aug 
TIME (days) mg/1 mg/1 mg/1 mg/1 
2M9 
o
 
in o
 
H
 
2M91 0.45833 10.96 0.548 2.26 12 .216 
2M92 0.45833 10.96 0.643 2.469 12 .402 
2M93 0.45833 10.96 0 .738 3 .515 12.859 
2M94 10 .50 
2M10, 0.41667 10.92 0.391 1.917 11.819 
2M10,1 0.41667 10.92 BDL 5.6 11.921 
2M10,2 0.41667 10.92 BDL 5.15 11.6 
2M10,3 10 .50 
2M11,1 0.45833 10.96 BDL 16 .1 10.98 
2M11,2 0.45833 10.96 BDL 9 .34 25.9 
2M12,1 0.41667 10.92 BDL 1.83 12 .36 
2M12,2 0.41667 10.92 BDL 2.03 10.07 
2M12,3 0.41667 10.92 BDL 1.714 12.56 
2M13,1 10 .50 
2M13,2 10 .50 
2M14 , 10 .50 
2M14 #1 10 .50 
2M14,2 10 .50 
2P6 0.41667 10 . 92 BDL 1.3 11.07 
2P7 0.41667 10 . 92 BDL 1.15 9.76 
2P8 10.50 
2P9 0.41667 10 . 92 BDL 1. 84 10 .44 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 225 
N03 S04 
mg/1 mg/1 
2 .277 
18.319 
2 2 . 2 2 2  
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
DATE TRACER Br Cl 
WELL TIME (hr) TIME (days) mg/1 mg/1 
8/16 
2T1 
2L1 12:00 15 18.195 16.904 
2L2 12:00 15 BDL 16.154 
2L3 12:00 15 44.879 18.397 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 226 
N03 S04 
mg/1 mg/1 
2M94 
2M10, 
2M10,1 
2M10,2 
2M10,3 
2M11,1 
2M11,2 
2M12,1 
2M12,2 
2M12,3 
2M13,1 
2M13,2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
DATE TRACER Br Cl 
WELL TIME(hr) TIME(days) mg/1 mg/1 
8/16 
2M9 
2M91 12:00 BDL 
2M92 12:00 BDL 
2M93 12:00 BDL 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 227 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
18-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2T1 17 3 .852 17.148 0.602 
2L1 17 19.852 16.739 2 .305 
2L2 17 BDL 16.8 28 .28 
2L3 0.5 17 41.15 24 .44 23.84 
2M11 17 BDL 1.49 6 . 08 
2M12 17 BDL 1.67 11.8 
2M13 17 BDL 2.7 41.8 
2M21 17 BDL 1.48 7.96 
2M22 17 BDL 1.6 9 .28 
2M23 17 BDL 2 11.57 
2M24 17 
2M31 17 BDL 1.42 7.39 
2M32 17 BDL 2.143 8.771 
2M33 17 BDL 2 . 042 23.711 
2M34 17 
2M41 17 
2M42 17 BDL 2 .14 4.16 
2M43 17 BDL 1.86 8 .53 
2M44 17 BDL 1.409 23.688 
2M51 17 
2M52 17 BDL 1.96 8 .13 
2M53 17 BDL 2.78 6 .314 
2M54 17 BDL 3 .385 >66 .23 
2M71 17 
2M72 17 BDL 1.85 11.12 
2M73 17 BDL 2 . 02 10 .14 
2M74 17 BDL 2.79 8.98 
2M75 17 BDL 2 . 802 10.351 
2M81 17 
2M82 17 BDL 2.014 12 .74 
2M83 17 BDL 2.23 12.55 
2M84 17 BDL 2 .43 12 .93 
2M85 17 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 228 
DATE TRACER Br Cl N03 S04 
WELL TIME(hr) 
18-Aug 
TIME (days) mg/1 mg/1 mg/1 mg/1 
2M9 17 
2M91 17 0 .404 2.24 13 .43 
2M92 17 0 .46 2 .42 13.58 
2M93 17 0.659 3 .23 13 .55 
2M94 17 
2M10, 17 BDL 2.45 13 .09 
2M10,1 17 0 .396 5.65 12 .65 
2M10,2 17 0 .489 5.082 12.65 
2M10/3 17 
2M11,1 17 BDL 15.793 12 .191 
2M11,2 17 BDL 9.944 28.05 
2M12,1 17 BDL 1.85 13 .28 
2M12,2 17 BDL 1.91 13 
2M12,3 17 BDL 1.74 12 .69 
2M13,1 17 BDL 2 .77 13 .58 
2M13,2 17 BDL 4.32 >75.50 
2M14, 17 
2M14,1 17 BDL 2 . 83 10 .42 
2M14,2 17 BDL 2 .53 10 .95 
2P6 17 
2P7 17 
2P8 17 
2P9 17 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 229 
DATE TRACER 
WELL TIME(hr) TIME(days) 
26-Aug 
2T1 25 
2L1 0.2917 25 
2L2 0.2917 25 
2L3 0.2917 25 
2M11 25 
2M12 25 
2M13 25 
2M21 25 
2M22 25 
2M23 25 
2M24 25 
2M31 25 
2M32 25 
2M33 25 
2M34 25 
2M41 25 
2M42 25 
2M43 25 
2M44 25 
2M51 25 
2M52 25 
2M53 25 
2M54 25 
2M71 25 
2M72 25 
2M73 25 
2M74 25 
2M75 25 
2M81 25 
2M82 25 
2M83 25 
2M84 25 
2M85 25 
Br Cl N03 S04 
mg/1 mg/1 mg/1 mg/1 
0.881 14.616 5.395 
18.196 17.141 1.64 
<0.30 16.584 43.063 
17.535 17.899 17.122 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 230 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
2 6-Aug 
TIME (days) mg/1 mg/1 mg/1 mg/1 
2M9 25 
2M91 25 BDL 1.896 12 .449 
2M92 25 BDL 1.898 12.705 
2M93 25 0 .471 2 .525 12.69 
2M94 25 
2M10, 25 BDL 1.924 12.775 
2M10,1 25 0 .426 4.543 12.013 
2M10,2 25 BDL 4.134 11.819 
2M10/3 25 
2M11,1 25 BDL 15.73 11.575 
2M11,2 25 BDL 10.522 28.504 
2M12,1 25 BDL 1.523 12.002 
2M12,2 25 BDL 1.491 11.34 
2M12,3 25 BDL 1.525 11.412 
2M13,1 25 
2M13,2 25 
2M14, 25 
2M14,1 25 
2M14,2 25 
2P6 25 
2P7 25 
2P8 25 
2P9 25 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
N03 S04 
mg/1 mg/1 
1.764 
26 .57 
19.762 
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
DATE TRACER Br Cl 
WELL TIME(hr) TIME(days mg/1 mg/1 
8/25/94 
2T1 
2L1 07:00 24 18.259 16.264 
2L2 07:00 24 BDL 16.123 
2L3 07:00 24 28.822 19.225 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 232 
Br 
mg/1 
2M91 
2M92 
2M93 
2M94 
2M10, 
2M10,1 
2M10,2 
2M10, 3 
2M11,1 
2M11,2 
2M12,1 
2M12,2 
2M12,3 
2M13,1 
2M13,2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
DATE TRACER 
WELL TIME(hr) TIME(days 
8/25/94 
Cl N03 S04 
mg/1 mg/1 mg/1 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
2 9-Aug 
TIME (days) mg/1 mg/1 mg/1 mg/1 
2T1 
2L1 
2L2 
2L3 
2M11 28 BDL 1.425 
H
 
o
 5.878 
2M12 28 BDL 1.628 0.132 11.182 
2M13 28 BDL 3 .828 1.304 >51.695 
2M21 28 BDL 1.591 0 .143 7.795 
2M22 28 BDL 1.594 0.178 9.078 
2M23 28 BDL 2.004 0.415 11.204 
2M24 28 
2M31 28 BDL 1.532 0 .143 8 .454 
2M32 28 BDL 2.016 BDL 7.751 
2M33 28 BDL 1.78 0.301 18 .228 
2M34 28 
2M41 28 
2M42 28 BDL 1.911 BDL 3 .114 
2M43 28 BDL 1.692 BDL 7.681 
2M44 28 BDL 1.282 BDL 24.851 
2M51 28 BDL 1.291 0.145 5 .732 
2M52 28 BDL 1.859 0.113 8 
2M53 28 BDL 2.563 BDL 5 . 062 
2M54 28 BDL 2.655 0 .221 >65.929 
2M71 28 
2M72 28 
2M73 28 
2M74 28 
2M75 28 
2M81 28 
2M82 28 
2M83 28 
2M84 28 
2M85 28 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 234 
DATE TRACER Br Cl N03 S04 
WELL TIME(hr) 
2 9-Aug 
TIME(days) mg/1 mg/1 mg/1 mg/1 
2M9 28 
2M91 28 BDL 2.016 0 .448 12.861 
2M92 28 BDL 1.965 0 .437 12.669 
2M93 28 0 .415 2 .475 0.992 13.171 
2M94 28 
2M10, 28 BDL 2 . 098 0.298 12.991 
2M10,1 28 BDL 4 .071 1.599 11.737 
2M10,2 28 BDL 3.632 1.432 11.703 
2M10,3 28 
2M11,1 28 BDL 14 .982 6.656 16.763 
2M11,2 28 BDL 10.123 5.876 24.922 
2M12,1 28 BDL 1.454 0.269 11.92 
2M12,2 28 BDL 1.555 0 .269 8 .429 
2M12,3 28 BDL 1.447 0.28 11.275 
2M13,1 28 
2M13,2 28 
2M14 , 28 
2M14,1 28 
2M14,2 28 
2P6 28 BDL 1.265 0 .154 10 .309 
2P7 28 BDL 1.122 0 .128 9 .321 
2P8 28 
2P9 28 BDL 1.303 0.28 9 . 069 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
2T1 32 
2L1 32 
2L2 32 
2L3 32 
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
TRACER TESTS INORGANIC DATA 235 
DATE TRACER Br Cl N03 S04 
TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
02-Sep 
0.581 14.98 3.59 
16.388 18.57 2.84 
<0.30 17.54 >57.04 
6.403 17.912 22.63 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 236 
2M9 
2M91 32 
2M92 32 
2M93 32 
2M94 
2M10, 
2M10,1 
2M10,2 
2M10,3 
2M11,1 
2M11,2 
2M12,1 
2M12,2 
2M12,3 
2M13,1 
2M13,2 
2M14 , 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
DATE TRACER Br Cl N03 S04 
TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
02-Sep 
<0.30 
<0.30 2.07 13.69 
0.392 2.63 13.54 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 237 
N03 S04 
mg/1 mg/1 
7.44 
2.54 
40.19 
24 .69 
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
DATE TRACER Br Cl 
WELL TIME (hr) TIME (days) mg/1 mg/1 
15-Sep 
2T1 0.5 45 BDL 14.55 
2L1 0.5 45 10.865 18 
2L2 0.5 45 BDL 18.45 
2L3 0.5 45 1.672 16.07 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 238 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) 
15-Sep 
TIME (days) mg/1 mg/1 mg/1 mg/1 
2M9 
2M91 12 : 00 45 BDL 2.39 14.99 
2M92 12 : 00 45 BDL 2 .28 15.16 
2M93 12 : 00 45 BDL 2.41 14 . 04 
2M94 
2M10, 
2M10,1 
2 M 1 0 , 2  
2M10,3 
2M11,1 
2M11,2 
2M12,1 
2M12,2 
2M12,3 
2M13,1 
2M13,2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 239 
Br 
mg/1 
BDL 
9.491 
BDL 
0.993 
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
DATE TRACER 
WELL TIME(hr) TIME(days) 
03-Oct 
2T1 12:00 63 
2L1 12:00 63 
2L2 12:00 63 
2L3 12:00 63 
CI N03 S04 
mg/1 mg/1 mg/1 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 240 
DATE TRACER Br Cl N03 S04 
WELL TIME (hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
03-Oct 
2M9 
2M91 12:00 63 BDL 
2M92 12:00 63 BDL 
2M93 12:00 63 BDL 
2M94 
2M10, 
2M10,1 
2M10, 2 
2M10, 3 
2M11,1 
2M11,2 
2M12,1 
2M12,2 
2M12,3 
2M13,1 
2M13, 2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 
DATE TRACER Br CI N03 S04 
WELL TIME(hr) TIME (days) mg/1 mg/1 mg/1 mg/1 
04-Oct 
2T1 
2M11 
2M12 
2M13 
2M21 
2M22 
2M23 
2M24 
2M31 
2M32 
2M33 
2M34 
2M41 
2M42 
2M43 
2M44 
2M51 
2M52 
2M53 
2M54 
2M71 
2M72 
2M73 
2M74 
2M75 
2M81 
2M82 
2M83 
2M84 
2M85 
2L1 
2L2 
2L3 
64 
64 
64 
5.074 
BDL 
0.53 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
TRACER TESTS INORGANIC DATA 242 
CI N03 S04 
mg/1 mg/1 mg/1 
2M9 
2M91 
2M92 
2M93 
2M94 
2M10, 
2M10,1 
2M10,2 
2M10,3 
2M11,1 
2M11,2 
2M12,1 
2M12,2 
2M12,3 
2M13,1 
2M13,2 
2M14, 
2M14,1 
2M14,2 
2P6 
2P7 
2P8 
2P9 
DATE TRACER Br 
WELL TIME(hr) TIME(days) mg/1 
04-Oct 
NOTE: Blank spaces under concentration headings indicate no sample collected 
and/or no analyses performed 
Water Table Elevations for Frenchtown Site 
Well Depth to Water Table Depth to Water Table Depth to Water Table 
Identification Water Elevation Water Elevation Water Elevation 
(ft) (ft) (ft) (ft) (ft) (ft) 
8/9/93 8/9/93 10/6/93 10/6/93 10/14/93 10/14/93 
2D1 13.75 3028.97 15.16 3027.56 
2M1 12.50 3027.32 13.06 3026.76 13.25 3026.57 
2M2 11.82 3027.53 12.74 3026.61 12.96 3026.39 
2M3 11.64 3027 40 12.34 3026.70 12.58 3026.46 
2M4 11.22 3027.89 12.82 3026.29 
2M5 11.73 3027.66 12.62 3026.77 
2M6 12.82 3029.84 14.82 3027.84 
2M7 11.26 3027.14 12.15 3026.25 
2M8 10.79 3026.64 11.49 3025.94 
2M9 13.80 3026.67 
2M10 13.55 3026.69 13.79 3026.45 
2M11, 
2M12, 
2M13, 
2M14, 
211 
2I2 
2P1 
2P2 
2P3 
2P4 
2P5 
2P6 
2P7 
2P8 
2P9 
2P10 
2P11 
2P12 
Notes 
AWT - Above Water Table 
Water Table Elevations for Frenchtown Site 244 
Well Depth to Water Table Depth to Water Table Depth to Water Table 
Identification Water Elevation Water Elevation Water Elevation 
(ft) (ft) (ft) (ft) (ft) (ft) 
11/30/93 11/30/93 1/31/94 1/31/94 2/16/94 2/16/94 
2D1 19.19 3023.53 19.84 3022.88 
2M1 16.80 3023.02 17.10 3022.72 
2M2 16.40 3022.95 16.74 3022.61 
2M3 16.07 3022.97 3039.04 
2M4 14.06 3025.05 16.13 3022.98 16.47 3022.64 
2M5 16.37 3023.02 16.71 3022.68 
2M6 17.65 3025.01 18.87 3023.79 
2M7 13.89 3024.52 15.74 3022.66 
2M8 13.12 3024.31 14.97 3022.46 
2M9 17.47 3023.00 17.73 3022.74 
2M10 15.32 3024.92 17.26 3022.98 17.53 3022.71 
2M11, -
2M12, 
2M13, 
2M14, 
211 
2I2 
2P1 13.64 3022.14 
2P2 AWT 
2P3 AWT 
2P4 AWT 
2P5 AWT 
2P6 AWT 
2P7 AWT 
2P8 AWT 
2P9 AWT 
2P10 AWT 
2P11 
2P12 
Notes 
AWT - Above Water Table 
Water Table Elevations for Frenchtown Site 
Well Depth to Water Table Depth to Water Table Depth to Water Table 
Identification Water Elevation Water Elevation Water Elevation 
(ft) (ft) (ft) (ft) (ft) (ft) 
3/3/94 3/3/94 6/2/94 6/2/94 6/21/94 6/21/94 
2D1 19.77 3022.95 16.80 3025.92 15.62 3027.10 
2M1 17.28 3022.54 13.95 3025.87 13.71 3026.11 
2M2 17.15 3022.20 13.68 3025.67 13.44 3025.91 
2M3 16.79 3022.25 13.22 3025.82 13.02 3026.02 
2M4 16.74 3022.37 13.29 3025.82 13.05 3026.06 
2M5 16.80 3022.59 13.51 3025.88 13.29 3026.10 
2M6 19.53 3023.13 15.42 3027.24 15.30 3027.36 
2M7 16.47 3021.93 13.21 3025.20 12.89 3025.51 
2M8 15.66 3021.77 12.63 3024.80 12.25 3025.18 
2M9 18.17 3022.30 14.59 3025.88 14.39 3026.08 
2M10 18.03 3022.22 14.34 3025.90 14.21 3026.03 
2M11, 14.16 3026.06 
2M12, 14.24 3026.06 
2M13, 12.63 3025.45 
2M14, 12.58 3025.41 
211 
2I2 
2P1 14.36 3021.42 11.19 3024.59 10.86 3024.92 
2P2 12.99 3025.03 12.66 3025.36 
2P3 14.98 3027.22 14.92 3027.28 
2P4 14.95 3027.59 14.86 3027.67 
2P5 13.64 3025.60 13.41 3025.83 
2P6 14.17 3025.64 13.85 3025.96 
2P7 14.10 3025.63 13.79 3025.94 
2P8 AWT 13.52 3026.10 
2P9 14.19 3025.62 13.76 3026.05 
2P10 AWT 13.25 3024.78 
2P11 16.87 3022.12 13.50 3025.49 13.29 3025.70 
2P12 16.65 3022.25 13.28 3025.62 12.90 3026.00 
Notes 
AWT - Above Water Table 
Water Table Elevations for Frenchtown Site 
Well Depth to Water Table 
Identification Water Elevation 
(ft) (ft) 
8/1/94 8/1/94 
2D1 
2M1 13.42 3026.40 
2M2 13.44 3025.91 
2M3 13.02 3026.02 
2M4 13.04 3026.07 
2M5 13.29 3026.10 
2M6 15.53 3027.13 
2M7 12.78 3025.62 
2M8 12.06 3025.37 
2M9 14.41 3026.06 
2M10 14.02 3026.22 
2M11, 
2M12, 14.25 3026.05 
2M13, 12.50 3025.58 
2M14, 12.42 3025.57 
211 
2I2 
2P1 10.74 3025.04 
2P2 12.50 3025.52 
2P3 15.29 3026.91 
2P4 15.26 3027.27 
2P5 13.39 3025.85 
2P6 13.81 3026.00 
2P7 13.73 3026.00 
2P8 13.51 3026.11 
2P9 13.69 3026.12 
2P10 12.46 3025.57 
2P11 13.14 3025.85 
2P12 13.00 3025.90 
Notes 
AWT - Above Water Table 
